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JUNE, 1950 


PROBLEMS RAISED BY KWASHIORKOR 


In all parts of tropical Africa, and certain 
parts of tropical America and tropical Asia, 
a large number of infants suffer and die from 
a syndrome about which there is much uncer- 
tainty, although the clinical picture is so 
distinctive that most African tribes have 
their own name for the disease. One of these 
is Kwashiorkor. The disease was studied 
under this name by C. D. Williams (Arch. 
Dis. Childhood 8, 423 (1933); Lancet II, 1151 
(1935)). 

There is no mistaking the advanced case: 
an undersized child, usually some 2 or 3 years 
of age; great mental irritability; puffy fea- 
tures, slight or severe generalized edema; 
brown, soft, scanty hair, and an abnormally 
pale skin; bulky, loose stools containing a 
fair amount of all varieties of undigested 
food; slight anemia, and a protracted course. 

Upon examining the child further almost 
certainly some infection is found. The most 
common are probably respiratory disorders; 
in the tropics, malaria and helminthic dis- 
eases are common; certain of the latter nota- 
bly destroy blood and cause depletion of pro- 
tein, so that anemia and edema become 
more severe and may dominate the clinical 
picture. If some tropical infection like ma- 
laria, hookworm, or bilharziasis is found, the 
tendency has been to ascribe the condition 
entirely to the presence of the parasite. If, 
however, an infection such as pneumonia is 
found, the condition is seldom ascribed to 
the action of the pneumococcus. This is an 
unsatisfactory interpretation of etiology. In 
fact, the relation of Kwashiorkor to infection 
has puzzled many. 

Few who have investigated Kwashiorkor 
in childhood in recent years have suggested 
that tropical infections in well-fed children 
can produce a typical advanced case. Almost 
everyone has suggested that the disease is 
primarily nutritional in origin. If cases are 


admitted to the hospital and are given 1 to 2 
pints of milk a day and any other food which 
can be taken, and if at the same time all in- 
fections are vigorously treated, almost all 
cases recover if they survive the first fort- 
night. Although at one time all investigators 
reported that they lost over half their cases, 
and the term “‘malignant malnutrition” ap- 
peared justifiable, nowadays almost all cases 
recover. 

Has Kwashiorkor a fundamental and es- 
sential biochemical change? The only one 
detected is a very severe reduction of the 
serum albumin. This is probably invariably 
present. At autopsy a fatty liver, starting in 
the periphery of all lobules, is usually but 
not always present. If the condition persists, 
there is fairly general agreement that fine 
fibrosis starts in the portal tracts and the 
stage is set for development of a cirrhosis 
(T. Gillman and J. Gillman, J. Am. Med. 
Assn. 129, 12 (1945); Arch. Path. 40, 239 
(1945); Arch. Int. Med. 76, 63 (1945); J. C. 
Waterlow, Med. Res. Council, London, Spe- 
cial Report Series 263 (1948); J.N.P. Davies, 
Lancet I, 317 (1948); TI, 474 (1948)). Atro- 
phy of the acinar cells of the pancreas is a 
fairly constant finding at autopsy and Da- 
vies suggests this is possibly the most funda- 
mental lesion in Kwashiorkor; he also has 
reported some hyalinized glomeruli in the 
kidneys. The gastrointestinal tube is thinned 
and atrophic; the thymus is atrophied; there 
are degenerative and atrophic changes in 
skeletal muscles. Subcutaneous fat may be 
present to a variable degree, but when pres- 
ent almost precludes the possibility of nutri- 
tional (famine) edema, as usually under- 
stood, fat being mobilized in inanition before 
the protein stores become seriously depleted. 

Once one accepts the various strands, clini- 
cal and pathologic, which interlace in the 
Kwashiorkor pattern and desires to trace 
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these strands back through their minor aber- 
rations until normality is reached, one is 
faced with the fact that a very large propor- 
tion of African children in the second and 
third years of life show signs of mild Kwashi- 
orkor: they are very definitely underweight, 
the hair is certainly brown and soft, the 
serum albumin is reduced. So common is this 
in many parts of Africa that it is impossible 
to say where normality fades into Kwashior- 
kor, and difficult to obtain normal children 
as controls. During the first six months of 
life, if breast feeding remains excellent, as it 
usually does, hair color in African Negroes 


‘is always jet black and weight, hemoglobin, 


and serum albumin fall within the normal 
range as seen in other races. Well-fed African 
adults are also normal in all these respects 
(weight, hemoglobin, serum albumin, and 
hair color). The writer considers that under- 
weight children with brown hair and a low- 
serum albumin are abnormal, especially be- 
cause when treated as for Kwashiorkor all 
these factors return to normal. If this point 
is accepted, then in many parts of Africa 
only a small minority of children escape 
Kwashiorkor and there are many millions 
who suffer from this complaint. 

Dietary surveys together with a clinical 
survey for the stigmata of MKwashiorkor 
might reveal much but have seldom been 
performed. Amongst culturally retarded tri- 
bal groups these surveys are attended with 
great difficulty and inaccuracy. A rough clini- 
‘al appraisal of the diets of advanced cases 
suggests that Kwashiorkor is uncommon 
among those who eat any cereal except 
maize, and it is seldom found among those 
who take much animal protein from any 
source. It is uncommon in really primitive 
tribes who usually practice mixed farming; 
it is common in the more sophisticated areas 
of Africa where cash crops are grown for 
export, land fertility has dropped, and fam- 
ily life has decayed and population pressure 
is mounting. 

If many African children suffer from 
Kwashiorkor during the first few years of 
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life, is it possible to indicate the effects dur- 
ing later life and to compare them with the 
recognized clinical and pathologic findings? 
They represent practically an uncharted sea, 
with only one pointer reading. The fatty 
liver of IKwwashiorkor, studied at biopsy and 
at autopsy by many different investigators, 
has shown that dating from a period of clini- 
‘ally manifest Kwashiorkor a fine cirrhosis 
occurs in the portal tracts and periphery 
of the hepatic lobule. This fibrosis is never 
severe or extensive in the first few years of 
life, but both the incidence and the degree of 
frank cirrhosis, with invasion and disorgan- 
ization of hepatic lobules, increases as the 
years pass. The majority of adult livers show 
some cirrhosis. In other words, the cirrhosis 
proceeds insidiously even when recognizable 
Kwashiorkor has ceased, for the disease is 
very rare in adults. How much of this cir- 
rhosis started in Kwashiorkor, how much 
started by other channels? No other clearly 
established mechanism, except that of 
IKwashiorkor and fatty liver, has been dem- 
onstrated to produce a fine cirrhosis in Afri- 
cans. Almost no common tropical infection, 
with the possible exception of bilharziasis, 
is recognized to cause cirrhosis. 

But if the problem appears difficult in the 
case of the liver, where it has been most 
adequately studied and some correlation 
with experimental pathology is possible, the 
interpretation in other organs is even more 
difficult. Sclerotic and degenerative changes 
are found in the organs of many African 
adults: pancreas, parotid, kidney, adrenal, 
and gonads. The routine examination of 
many of these organs during life or critically 
at autopsy reveals fairly definitive abnor- 
malities, usually of one consistent pathologic 
type in a fair proportion of adults. They are 
often mild in extent, but at times they 
appear severe. Other pathologists would in- 
clude changes in the pituitary gland. Many 
tissues have not been critically examined. 
The possibility of some hormone upset on a 
widespread scale (J. N. P. Davies, Brit. 
Med. J. 2, 676 (1949)) cannot be lightly dis- 
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missed: gynecomastia and testicular atrophy 
are common. 

The opinion has been held for some time 
that the dominant defect in Kwashiorkor 
is that of protein inadequacy (H. C. Trowell, 
Arch. Dis. Childhood 12, 193 (1937); Tr. Roy. 
Soc. Trop. Med. Hyg. 33, 389 (1940); 42, 417 
(1949)). The disease appears in its most 
obvious form when protein requirements, in 
comparison with calorie intake, are maximal 
as in the first few years of life and as soon as 
milk becomes inadequate. It is more com- 
mon in those who eat vegetable starches 
than in those who eat cereals, for the former 
are poor in protein. At a certain stage, a 
gastrointestinal defect enters the picture and 
decreases the digestion of food; while on the 
other hand a fatty and fibrotic liver inter- 
feres with protein metabolism. Protein lack 
in infancy may cause abnormalities in the 
structures made from protein: cellular pro- 
toplasm of many organs but especially in 
the liver, melanin in hair and skin, enzymes, 
hormones, and antigens. Many thin African 
laborers have slightly brown hair: they have 
very mild Kwashiorkor; in many organs all 
stages can be traced between the lesion in 
the acute attack and the chronic scleroses. 
Against this background, even the incidence 
of non-nutritional disease may be effected: 
primary carcinoma of liver, splenomegaly, 
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jaundice, and edema during all infections, 
pulmonary abscess and acute tuberculosis are 
common and severe; those diseases which re- 
flect the response of the body and the endo- 
crine structures to stress are very rare: thy- 
rotoxicosis, insomnia, peptic ulcer, essential 
hypertension. These diseases are rare in Afri- 
cans in tropical Africa, but occur in their 
descendants in the warm climates of the 
New World. 

Kwashiorkor has probably never been pro- 
duced experimentally in animals apart from 
the suggestive early experiments of R. Me- 
Carrison (Nutrition Abstr. Rev. 2, 1 (1932)) 
and the later work of M. V. R. Rao (Indian 
J. Med. Res. 30, 273 (1942)). It is probably 
not quite identical with nutritional edema, 
for definite starvation has seldom occurred 
in Kwashiorkor. Active work is proceeding 
by my colleagues on the pathologic study 
of this disease, and an attempt is being 
made to define the nature of the gastro- 
intestinal defect and to study nitrogen 
balance.* 

H. C. TRowELL 
Mulago Medical School 
Kampala, Uganda 


* Thanks are due to the Director of Medical 
Services, Uganda for permission to publish this 
article. 


EFFECT OF PROTEIN LEVEL ON THE AMINO ACID REQUIREMENTS OF CHICKS 


In 1947, H. J. Almquist (J. Nutrition 
34, 543 (1947)) established that the rate 
of growth of chicks bore a linear relation 
to the level of each indispensable amino 
acid in the diet from rapid loss of weight 
at complete deficiency to maximal growth 
at complete adequacy of the amino acid. 
The same proportions of individual indis- 
pensable amino acids to one another were 
required for any suboptimal rate of growth, 
and this was true whether the amino acids 
were supplied as whole proteins or as mix- 
tures of purified amino acids. It was viewed 


as resulting from the fact that on each diet, 
the chick synthesized the same body pro- 
teins, and hence required the same _pro- 
portions of indispensable amino acids for 
this purpose regardless of their sources. 
C. R. Grau (J. Nutrition 36, 99 (1948)) 
in a careful study of the effect of protein 
level on the lysine requirement of the chick, 
has extended these findings. Chicks were 
fed sesame meal, a material deficient in ly- 
sine, as the protein source in an otherwise 
complete ration. The amount of supple- 
mental lysine required to permit the maximal 


rate of growth allowable by each of several 
protein levels was then determined. 

A regular increase in the lysine require- 
ment for maximum growth was observed 
with each increase in the protein level fed. 
This was true whether the lysine require- 
ment was expressed as percentage of the 
diet or as the weight of lysine consumed 
per day per unit of body weight. For example, 
with 10 per cent of protein in the diet, 
approximately 0.47 per cent of total lysine 
was required to permit maximal weight gains 
of 4.5 per cent per day. With 20 per cent 
of protein, 0.85 per cent of lysine was re- 
quired, and the weight gain was increased to 
7 per cent per day. 

A further increase in protein content to 
30 per cent of the ration resulted in no 
further increase in the rate of gain, but 
the lysine required to permit this rate of 
gain was increased to approximately 1.2 per 
cent of the ration. Thus, an increase in 
protein level beyond that required to achieve 
the maximum growth rate resulted in a fur- 
ther increase in the requirement for this 
essential amino acid. This is a clear indica- 
tion that for maximum efficiency of utiliza- 
tion, the proportions of essential amino acids 
that are essential for maximal rates of growth 
at suboptimal levels of protein intake must 
be maintained also at intake levels above 
those which permit maximum growth. For 
this amino acid, it thus becomes impossible 
to set a definite figure for the lysine require- 
ment for maximal growth rate; rather, the 
lysine requirement must beexpressed in terms 
of the percentages of the diet at a given 
protein level. 

The general significance of this observa- 
tion is indicated by the results of H. J. 
Almquist (Proc. Soc. Exp. Biol. Med. 72, 
179 (1949)), who carried out a similar inves- 
tigation of the methionine requirement for 
growth. Rations containing 20 per cent of 
protein supplied by soybean meal permit 
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maximal rates of gain (7.0 per cent per day ) 
when supplemented with 0.2 per cent of 
methionine. The total methionine of the ra- 
tion then equals 0.5 per cent. However, 
when sufficient additional soybean meal was 
added to raise the protein content of the 
ration to 30 per cent, nearly 0.3 per cent 
of added methionine (0.75 per cent total 
methionine) was required to support the 
maximal rate of gain (7.2 per cent per day). 
Similarly, Almquist and J. B. Merritt (Ibid. 
73, 136 (1950)) found the arginine require- 
ment of the chick to approximate 6 per 
cent of the total protein of the diet at 
protein levels ranging from 15 to 30 per 
cent of the diet. 

Thus the concept advanced by Almquist 
in 1947 (loc. cit.) to the effect that the 
proportions of indispensable amino acids to 
each other remain relatively constant for 
maximal efficiency of utilization appears true 
not only at suboptimal levels of protein 
intake, but also at levels of protein intake 
considerably above those usually considered 
the normal requirement for a maximal rate 
of gain. As a consequence, amino acid im- 
balance in a ration would appear not to 
be fully correctable by feeding more of the 
same imbalanced protein, and the balance 
of indispensable amino acids in the ration 
becomes a factor in nutrition approaching 
in importance the gross intake of protein. 

The degree to which these findings apply 
in animals other than the chick remains 
to be determined. It is generally agreed 
that proteins slightly deficient in one or 
more amino acids can be fed in amounts 
that furnish more than the minimum level 
of protein in order to satisfy the require- 
ments for those particular amino acids. Re- 
sults of the above experiments indicate 
clearly that, when this is done, the efficiency 
of utilization of the remaining amino acids 
is greatly reduced. 
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VITAMIN B, AND THE INTRINSIC FACTOR 


The effectiveness of dietary liver in the 

treatment of pernicious anemia was discov- 
ered by G. R. Minot and W. P. Murphy 
in 1926 (J. Am. Med. Assn. 87, 470 (1426)). 
Subsequently, a series of papers by W. B. 
Castle and his co-workers established that 
many foods such as beef muscle contained a 
substance which produced little or no re- 
sponse when fed to the patient with perni- 
cious anemia but which was therapeutically 
effective if administered together with the 
gastric juice of normal persons. The sub- 
stance supplied by normal gastric juice was 
destroyed by heat, and came to be known as 
the intrinsic factor. The more widely dis- 
tributed material supplied by foodstuffs such 
as beef muscle, became known as the extrin- 
sie factor. Since dietary liver in adequate 
amounts was effective in the absence of nor- 
mal gastric juice, it was thought to supply 
a third substance, frequently termed the 
erythrocyte maturation factor or liver factor. 
These three factors were commonly thought 
to be related in some such manner as the 
following: 
Intrinsic factor + extrinsic factor — mat- 
uration factor. Because of the heat-labile 
and apparently proteinaceous nature of the 
intrinsic factor, it was commonly thought 
to be an enzyme which acted upon the 
extrinsic factor to produce the maturation 
factor (Nutrition Reviews 3, 7 (1945); 6, 
193 (1948)). 

Since these early investigations, two vita- 
mins with marked clinical effectiveness in 
pernicious anemia have been isolated from 
liver and other sources; they are folic acid 
(pteroylglutamie acid) and vitamin By (Nu- 
trition Reviews 6, 208 (1947);T, 146 (1949)). 
Attempts to identify folic acid or its con- 
jugates with the intrinsic, the extrinsic, or 
the maturation factor met with general fail- 
ure. Vitamin By, on the other hand, has 
many of the characteristics originally at- 
tributed to the maturation factor, inasmuch 


as it is effective both parenterally and orally 
in patients with pernicious anemia. 

Several authors have noted, however, that 
vitamin By is quantitatively much less ac- 
tive when given orally than when adminis- 
tered parenterally to such patients, and that 
its oral effectiveness is greatly increased by 
simultaneous administration of normal gas- 
tric juice (Nutrition Reviews T, 146 (1949); 
8, 81 (1950)). In these respects, vitamin 
By resembles closely the extrinsic factor of 
natural foods. It should be noted, however, 
that the effectiveness of vitamin B,. admin- 
istered orally with normal gastric juice does 
not surpass that of parenterally administered 
vitamin By», a fact which suggests that what- 
ever the action of the gastric juice may be, 
it is not required for utilization of vitamin 
By once the latter is within the body. 

These observations have given rise to the 
suggestion that normal gastric juice (intrin- 
sic factor) acts by promoting more effective 
absorption of vitamin By,» (extrinsic factor) 
(L. Berk et al., New Engl. J. Med. 289, 911 
(1948); B. E. Hall, E. H. Morgan, and D. C. 
Campbell, Proc. Staff Meetings Mayo Clinic 
24, 99 (1949); T. D. Spies et al., South. 
Med. J. 42, 528 (1949); F. H. Bethell et al., 
Univ. Hosp. Bull., Ann Arbor, Mich. 16, 
49 (1949)). According to this view, extrinsic 
factor and the maturation or liver factor 
are one and the same substance, which is 
poorly absorbed from the gastrointestinal 
tract in the absence of a substance (intrinsic 
factor) present in normal gastric juice but 
absent from the gastric juice of patients with 
pernicious anemia. 

Evidence in favor of the latter viewpoint 
has been provided by D. E. Wolf, T. R. 
Wood, J. Valiant, and K. Folkers (Proc. 
Soc. Exp. Biol. Med. 73, 15 (1950)). Normal 
and histamine-induced gastric juice was col- 
lected from fasting individuals. Assays for 
vitamin By with Lactobacillus lactis indi- 
cated an average approximate vitamin By 
content of somewhat less than 0.01 micro- 
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gram per milliliter. Thus a dose of 300 ml. 
of normal gastric juice might be expected 
to provide about 3 micrograms of vitamin 
By, an amount of the vitamin which has 
proved ineffective upon oral administration, 
but is effective upon parenteral administra- 
tion (R. West, Science 10T, 398 (1948)). 
The early finding of R. 8. Morris, L. Schiff, 
G. Burger, and J. E. Sherman (/. Am. 
Med. Assn. 98, 1080 (1932)) that a concen- 
trate from 450 ml. of normal gastric juice 
produced a marked hematopoietic response 
when injected intramuscularly would thus 
appear to be adequately explained by the 
vitamin By content of the gastric juice. 

To determine whether normal gastric juice 
produced any enzymatic changes in vitamin 
By, Wolf and co-workers (loc. cit.) next dis- 
solved crystalline vitamin By, in gastric Juice 
and incubated at pH 2, 3, or7 and at 28 to 
30°C. for periods up to twenty-two hours. 
Examination of absorption spectrums showed 
no detectable change as a result of incuba- 
tion; similarly, no change in microbiologic ac- 
tivity of the dissolved vitamin By for L. 
lactis occurred. Finally, a relatively large 
amount of the vitamin (16.4 mg.) was dis- 
solved in 25 ml.of gastric juice and incubated. 
On re-isolation, vitamin By was recovered 
unchanged. These facts argue against any 

enzymatic change in the vitamin By» during 
‘incubation with gastric juice, although they 
do not eliminate the possibility that small 
amounts of the vitamin were altered. 

To determine whether the extrinsic factor 
content of beef muscle could be correlated 
with its vitamin By» content, 2.28 g. of a 
concentrate were prepared from 25 pounds 
of beef muscle. Assay with L. lactis indicated 
the equivalent of about 50 micrograms of 
vitamin By per gram of this concentrate, 
a vield of 40 per cent of the total active 
material present by microbiologic assay in 
the original muscle. This concentrate proved 
active when given parenterally in 3 cases 
of pernicious anemia in daily doses of about 
20 mg. (KE. H. Morgan, B. E. Hall, and D. C. 
Campbell, Proc. Staff Meetings Mayo Clinic 
24, 594 (1949)). This amount would supply 
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the equivalent (by L. lactis assay) of | 
microgram of vitamin By daily, an amount 
which is known to give a positive hema- 
tologic response. Thus the extrinsic factor 
of beef muscle elicits a hematologic response 
which is explicable on the basis of its vitamin 
By content alone. 

All of these data serve to substantiate 
the previously discussed idea, that the ex- 
trinsic factor and the maturation factor are 
the same substance, namely, vitamin By, 
and that the effect of the intrinsic factor 
is due to its ability to promote absorption 
of small amounts of vitamin By which occur 
in food. The mechanism by which the in- 
trinsic factor exerts this effect is, of course, 
unknown. However, a preliminary report 
by J. L. Ternberg and R. E. Eakin (/. 
Am. Chem. Soc. 71, 3858 (1949)) is of great 
interest in this connection. These authors 
found normal gastric juice to contain a heat- 
labile, nondialyzable substance, presumably 
a protein, which combines stoichiometrically 
with vitamin By,» to form a complex which 
is not dialyzable, and which is not disso- 
ciated by dialysis. This substance was named 
apoerythein, and its complex with vitamin 
By, erythein. 

The vitamin By, of erythein cannot be 
utilized for growth of microorganisms such 
as L. lactis, but heating destroys the complex 
and liberates vitamin B,. in a utilizable form. 
Gastric juice from patients with pernicious 
anemia was extremely low in apoerythein, 
as compared with gastric juice of normal 
patients. The authors point out that this 
vitamin B,-binding substance, apoerythein, 
may be identical with the intrinsic factor, 
and this supposition, now under test, ap- 
pears logical. If it proves true, the mecha- 
nism by which complex formation promotes 
absorption of vitamin By will become an 
important point for investigation. Obvious 
possibilities are (1) a protective action to 
prevent destruction of vitamin By, or (2) 
an enhanced absorbability of erythein, or 
of a vitamin By-containing fragment formed 
from it by digestive processes, as compared 
with vitamin By itself. 
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DIET AND INDUSTRIAL PERFORMANCE 


The energy for physical work is derived in 
the last analysis from the food that is in- 
gested. All would agree that efficient work 
performance would be impaired should the 
worker’s diet become markedly imbalanced 
or insufficient in amount. A. Keys (Fed. 
Proc. 2, 164 (1943)) pointed out in his review 
of the voluminous but frequently unsatis- 
factory literature on physical performance 
and diet that the real problem concerns the 
dietary measures by which it would be pos- 
sible to improve the performance of individ- 
uals who are not clearly underfed or mal- 
nourished. One of such measures, for which 
experimental evidence was claimed by H. W. 
Haggard and L. A. Greenberg (‘Diet and 
Physical Efficiency,’’ Yale Univ. Press, New 
Haven (1935)), is between-meal feeding. 

The in-plant feeding, including between- 
meal feeding practices, became widespread 
during World War II. An account about de- 
velopment along these lines in Canada, the 
United States, and England was made under 
the auspices of the International Labor Office 
(“Nutrition in Industry,” International La- 
bor Office, New Series No. 4 (1946)). In the 
preface, F. G. Boudreau noted the lack of 
sufficient data on the relation of diet and 
working efficiency, and called for controlled 
studies of the influence of nutrition and 
work output. 

H. W. Haggard and L. A. Greenberg be- 
lieved that the decrement of industrial per- 
formance, observed frequently in the middle 
of the morning and the afternoon, is due to a 
decreased supply of energy-yielding sub- 
stances. It was logical to recommend intro- 
duction of additional meals as a dietary 
measure designed to reduce or prevent mus- 
cular fatigue. (For discussion of the effects 
of between-meal feeding on absenteeism and 
attitude of clerical employees see J. Am. 
Dietet. Assn. 16, 435 (1939); 17, 753 (1941)). 

It is well established that the blood sugar 
and the respiratory quotient rise after a 
mixed meal and then decline for several 
hours. If it is assumed that the level of the 


blood sugar is a valid index of the avail- 
ability of carbohydrates for tissue combus- 
tion and if, in addition, it is assumed that 
the blood sugar concentrations within the 
range of “normal”? (nonpathologic) varia- 
tion may limit muscular performance, then a 
good theoretic argument can be made for 
maintaining the blood sugar at a high level 
by shortening the intervals between meals. 
It is only natural that Haggard and Green- 
berg have recommended for this purpose 
foods containing readily assimilable carbo- 
hydrate. The evidence for beneficial effects 
was sought along both the laboratory and 
industrial lines of research. 

Subsequent researches did not confirm the 
laboratory results or required alteration in 
the interpretation of the data of Haggard 
and Greenberg. The authors claimed that the 
rise in blood sugar following ingestion of a 
meal was associated with a marked increase 
in mechanical efficiency as measured in lab- 
oratory work involving pedaling on a bicycle 
ergometer. The reported increases in effi- 
ciency amounted to 20 to 26 per cent of the 
pre-meal value. Modern industry involves 
very little muscular effort. Consequently, 
the relevance of such a finding would be 
open to question even if the phenomenon 
were actually reliably established. This has 
not been the case. 

J. Haldi, G. Bachmann, C. Ensor, and W. 
Wynn (Am. J. Physiol. 121, 123 (1938)) 
have shown that after ingestion of glucose 
and fructose the respiratory quotient rose 
from 0.78 to 0.86 and 0.90. However, the 
muscular efficiency did not differ signifi- 
cantly from the values obtained in control 
experiments in which water alone was in- 
gested. 

In subsequent studies it was found that 
performance in severe exercise of short dura- 
tion—swimming three laps of thirty-three 
and a third yards—was the same two and a 
half hours after a high-carbohydrate and an 
isocaloric meal containing a low percentage 
of carbohydrate. At this time there was no 
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difference in the blood sugar level (J. Haldi 
and W. Wynn, Am. J. Physiol. 145, 402 
(1946)). The performance decrement in the 
second and third lap indicated that fatig- 
ability was not affected by the meal differ- 
ences. 

The investigations were extended to com- 
parisons of a heavy meal (1051 calories), a 
light meal (551 calories), a light meal plus 
50 g. of sugar, and a light meal plus 100 g. 
of sugar, with equally negative results (J. 
Haldi and W. Wynn, J. Nutrition 31, 525 
(1946)). The average swimming times varied 
very slightly (seventy-five and four-tenths 
to seventy-five and nine-tenths seconds). 
There was a rise in the blood sugar level 
after swimming a hundred-yard sprint but 
it was not related to the amount of nutrient 
taken two to three hours before swimming. 
The blood sugar level before exercise was 
the same in all four conditions. 

The authors are careful to point out that 
the conclusions should not be applied, with- 
out further experimentation, to protracted 
and exhausting exercise. In the final of their 
series of laboratory studies, J. Haldi and W. 
Wynn (J. Nutrition 33, 287 (1947)) studied 
the effect of the carbohydrate content of iso- 
caloric meals on performance on the bicycle 
ergometer. The load was adjusted so that 
the subjects were able to continue the exer- 
cise for twelve to eighteen minutes before 
becoming completely exhausted. The test 
was repeated after ten minutes of rest. In 
the two meals, eaten before the exercise test, 
76 and 13 per cent of the total of 1050 cal- 
ories were supplied by carbohydrate. The 
average amount of work done after the high- 
carbohydrate meal was higher by about 3 
per cent. The difference was not statistically 
significant and there was no significant differ- 
ence in the percentage recovery. The net 
muscular efficiency was the same after both 
types of meal. It should be noted that the 
blood sugar concentration immediately be- 
fore exercise was appreciably higher (145 mg. 
per cent) after the high-carbohydrate meal 
than after the low-carbohydrate meal (125 
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mg. per cent). There was no relation, within 
the limits of the experimental regimen, be- 
tween the blood sugar level and the capacity 
for work. Thus one of the important bases 
of Haggard and Greenberg’s argument seems 
to be not tenable. 

During acute starvation, with the blood 
sugar level decreasing to 52 mg. per cent, 
the situation may be very different. H. 
Guetzkow, H. L. Taylor, J. Brozek, and A. 
Keys (Fed. Proc. 4, 28 (1945)) found that 
the speed of motor reactions tended to de- 
crease parallel to lowering of the blood sugar 
level. The coefficient of correlation between 
the two functions was +0.56 and +0.65. 
However, the correlation was negligible when 
the sugar concentration was more than 65 to 
70 mg. per cent. 

The effects of between-meal feeding on in- 
dustrial production were investigated in a 
shoe factory. The operation selected for 
study involved sewing together the canvas 
parts of tennis shoes. Hourly production was 
used as criterion of performance. There were 
40 subjects divided into experimental and 
control groups. The control subjects ate 
three meals throughout the period of study 
and their average hourly output was almost 
constant (183 to 184 units). The experi- 
mental group alternated every two weeks 
between three and five meals a day, with 
mean hourly outputs of 175, 192, 176, 194, 
and 176. On the five-meal schedule the out- 
put was consistently higher. The two addi- 
tional meals were provided without any cost 
to the worker and consisted of a glass of milk 
and a piece of angel cake weighing 6 ounces. 
These meals were served at the beginning 
of the third working hour both morning 
and afternoon. 

The differences are striking. Unfortu- 
nately, the experimental conditions were not 
varied in a way which would make possible 
proper evaluation of the factors responsible 
for the increased output. The interpretation 
of the increase in production as resulting 
from high-muscular efficiency, maintained 
on a high level by the two additional meals, 
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is hardly tenable. The work consisted of 
operation of power-driven sewing machines 
and represented, in terms of energy expendi- 
ture, light manual work. The drain on the 
total energy reserves was mild. It is not 
likely that in this type of work the work 
capacity of the muscles could be affected by 
the decrease in the blood sugar level present 
two to three hours after the morning or noon 
meal. It should be noted that the afternoon 
output curves showed a slump followed by 
a “spurt” at the end of the day in which only 
three meals were eaten, irrespective of the 
fact that the respiratory quotient continued 
to decrease. Obviously, the changes in out- 
put could not be ascribed to changing carbo- 
hydrate utilization. 

Despite these criticisms, the work of Hag- 
gard and Greenberg is a valuable contribu- 
tion to the study of industrial nutrition. It 
brings out the importance of the question of 
in-between-meal feeding and its effect on 
productivity. Further research is needed to 
confirm the phenomenon reported by the 
authors and to identify the factors involved. 
It has been known that rest-pauses alone, 
with no food, tend to have similar effects. 
Provision of extra food might have affected 
favorably the workers’ morale and increased 
production without involving direct “‘physi- 
ologic” effects. Obviously, one of the tasks 
was to investigate the effect of intaké of 
foods of varied nutritional values. 

Such a study was undertaken by J. Haldi 
and W. Wynn (J. Applied Physiol. 2, 268 
(1949)). The research was conducted in a 
cotton-bag factory. The operation selected 
for investigation involved sewing bags on 
electrically-driven sewing machines. The re- 
search workers obtained satisfactory co- 
operation both from the employees who 
served as volunteer subjects as well as from 
the management. The hourly output records 
were maintained for each subject. Because 
of variation in the kinds of bags to be sewed, 
the production data were expressed in terms 
of a standard hourly output. 

Four types of meals were served for three 
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consecutive weeks each morning (9:30 to 
9:45 a.m.) and afternoon (2:30 to 2:45 
p.m.). These meals provided approximately 
650, 300, 150, and 80 calories, respectively. . 
The order of refreshments served on a par- 
ticular day was varied from week to week. 

The average hourly production of 32 seam- 
stresses was reported separately for the pre- 
and postrefreshment periods, both for the 
morning and the afternoon. Because there 
is little difference between the morning and 
afternoon values, the two periods may be 
combined. Thus the prerefreshment outputs 
are 124.0, 122.5, 123.5, and 122.5 and the 
postrefreshment outputs are 136.5, 133.5, 
134.0, and 133.5, for the four types of re- 
freshment, respectively. In all instances the 
postrefreshment outputs were higher but 
there were no statistically significant or 
practically important differences between 
the four dietary regimens. In terms of wages 
received by the workers on the days when 
different refreshments were served, the 
differences ranged from 0.1 cent to 1.5 cents 
per hour. 

The research workers concluded that work 
efficiency, in the type of industrial opera- 
tions similar to that which was studied, is 
not affected by the amount of food eaten 
during the midmorning and midafternoon 
rest periods. As one would expect, the energy 
reserves derived from the ordinary meals 
are sufficient, physiologically, for the day’s 
work. The increase in production observed 
in the second part of the morning and after- 
noon work period was present also on two 
days in which no food was served during the 
rest period, and cannot be explained in nu- 
tritional terms. The authors insist that this 
should not be interpreted as indicating that 
introduction of rest periods and provision of 
refreshments are not important from the 
point of view of industrial efficiency. 
Furthermore, where there are indications of 
a marginal nutritional status of the workers, 
serving between-meal refreshments, appe- 
tizing as well as nutritious, represents a val- 
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uable channel for improvement of the nutri- 
tion of industrial workers. In agriculture, 
with its greater demands on expenditure of 
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physical energy, the midmorning and mid- 
afternoon “lunch” is a well-established and 
firmly guarded tradition. 


TOXIC FACTOR OF AGENIZED FLOUR—A METHIONINE ANTIMETABOLITE? 


Treatment of wheat flour with nitrogen 
trichloride (agene) for purposes of bleaching 
was widely practiced until last year. Such 
bleached flour gives rise to symptoms in 
dogs variously known as canine hysteria, 
canine epilepsy, or “running fits’’ (Nudrition 
Reviews 5, 184 (1947); 6, 237 (1948)). Some- 
what similar toxic symptoms are produced 
in the rabbit; some other animals, e.g., the 
rat, are seemingly unaffected. Although no 
evidence exists that the toxic factor is harm- 
ful to man, this possibility has been pointed 
out, and use of agene as a bleaching agent for 
flour has consequently stopped. 

This toxie substance has been isolated 
from agene-treated proteins in crystalline 
form (Nutrition Reviews 8, 14 (1950)). Al- 
though its exact chemical nature is not yet 
known, the presence of 5 carbon atoms for 
each sulfur atom in its molecule (empirical 
formula, C;5H»2O;N2S) suggests that it is pro- 
duced through interaction of agene with the 
essential amino acid, methionine (empirical 
formula, Cs5HyO2NS). Should this be true, 
the possibility that it might act as an anti- 
methionine—a related compound which in- 
terferes with the utilization of methionine 
in the body—presents itself. 

This possibility was conceived and _par- 
tially tested by L. Reiner, F. Misani, and 
P. Weiss (Arch. Biochem. 25, 447 (1950)). 
Rabbits and mice (also susceptible to the 
toxic factor) were used as experimental ani- 
mals in the preliminary tests so far reported. 
When given in sufficient amounts, methio- 
nine completely suppressed the convulsions 
induced in both rabbits and mice by the 
purified toxic factor. When the dose of toxic 
factor was raised relative to that of methio- 
nine, convulsions were delayed, but not 
wholly suppressed. Under conditions of the 


test, the ratio of the dose of toxic substance 
to the minimum inhibiting dose of methio- 
nine was about 1:300 in rabbits and about 
1:50 in mice. For example, in rabbits, 5 mg. 
of crystalline toxic factor per kilogram of 
body weight produced convulsions within 
twenty-four hours when given alone; when 
administered together with 1500 mg. of me- 
thionine, no convulsions resulted. However, 
when the administered dose of toxic factor 
was raised to 10 mg. per kilogram, 1500 mg. 
of methionine were insufficient to prevent 
the ensuing convulsions. 

Thus the toxic factor behaves very much 
as an extremely potent antimetabolite of 
methionine. Additional evidence that it acts 
in this way is provided by unpublished ex- 
periments of G. W. Newell and W. W. Car- 
man (cited by Reiner et al., loc. cit.), which 
show that the toxic factor inhibits growth of 
Leuconostoc mesenteroides, and that this in- 
hibition is counteracted by methionine. The 
inhibitor must be reckoned among the most 
potent so far known, for its “affinity” for the 
affected ‘methionine receptors” of the rab- 
bit is some three hundred times that of 
methionine itself. 

From the considerable body of knowledge 
now available concerning the specificity of 
action of antimetabolites (cf. Nutrition Re- 
views 6, 338 (1948); T, 49, 81, 82, 341 (1949); 
8, 28 (1950)) it is known that the effective- 
ness of such compounds varies tremendously 
from one species to another. In this instance, 
the inhibitor is relatively less effective in the 
mouse than in the rabbit, since the ratio of 
inhibitor to methionine at which toxicity is 
obtained (the “inhibition index’’) is about 
six times as high in the former animal as in 
the latter. It may be postulated that in ani- 
mals which have previously appeared un- 
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affected by the toxie factor, methionine is 
relatively much more effective in counter- 
acting effects of the inhibitor, or mechanisms 
for its active destruction may be present. 
Thus, one of a limited number of examples 
is presented in which an antimetabolite, be- 
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cause of its potency and inadvertent produc- 
tion in a widely consumed foodstuff, has 
assumed considerable nutritional impor- 
tance. Further details concerning its action 
in a variety of organisms can be expected 
and should prove of interest. 


DIETARY STANDARDS AND NUTRITION EDUCATION IN CANADA 


The Canadian Council on Nutrition, an 
Advisory Committee to the Ministry of Na- 
tional Health and Welfare, has approved 
a new dietary standard for Canada (Canad. 
Bull. Nutrition 2 (No. 1), 6 (1949)). The 
standard has been discussed by L. B. Pett 
(Canad. Med. Assn. J. 61, 451 (1949)) and 
by E. G. Young (Canad. J. Pub. Health 40, 
327 (1949)). 

In 1942, the Canadian Council on Nutri- 
tion adopted the Recommended Daily AlI- 
lowances of the Food and Nutrition Board 
of the United States National Research 
Council. Subsequently it was thought wise 
for the Canadian group to have its own 
standards which are those now adopted and 
which differ somewhat from those of the 
United States. The differences in many in- 
stances are not marked. 

For example, the Canadian standard for a 
normal adult man, weighing 70 kg., and em- 
ployed at a sedentary occupation is 2476 
calories compared with the United States 
allowance of 2400. Other comparisons (grams 
daily) are: protein 67 to 70, fat 70 to be- 
tween 53 and 67, calcium 0.7 to 1. The only 
marked differences are in three of the vita- 
mins which are considerably lower in the 
Canadian standard. Thus thiamine is 0.73 
instead of 1.2 mg., niacin 7.3 instead of 12 
mg., and ascorbic acid 30 instead of 75 mg. 
With regard to this last vitamin it may be 
noted that the British standard is even 
lower, 10 mg. daily being suggested as suffi- 
cient. 

The Canadian tables are much more exten- 
sive than those in the United States. They 
are not only broken down into age groups 


and also into the two sexes, but in addition 
body weight is considered. For example, for 
boys and girls the allowances of the various 
nutrients are given for each 10-pound-weight 
increment from 20 to 100 or 110 pounds. 
Adults are separated into various grades of 
activity: sedentary, moderately active, 
heavy work, and very heavy work. Body 
weights from 80 to 160 pounds in women 
and 80 to 200 pounds in men are given 
separate categories with 20-pound-incre- 
ments. 

In addition to the standards in terms of 
individual nutrients, a sample menu is pro- 
vided, analyses of some of the common foods 
are given, and simple suggestions made con- 
cerning the important foods. The latter are 
called ‘‘Canada’s Food Rules,’ and are as 
follows: 


“These foods are good to eat. 
Eat them every day for health. 
Have at least three meals each day. 

1. Milk—Children (up to about 12 years): at 
least 1 pint. Adolescents: at least 1} pints. 
Adults: at least 4 pint. 

2. Fruit—one serving of citrus fruit or tomatoes 
or their juices; and one serving of other fruit. 

3. Vegetables—at least one serving of potatoes; 
and at least two servings of other vegetables, 
preferably leafy, green or yellow, and fre- 
quently raw. 

4. Cereals and bread—one serving of whole grain 
cereal, and at least 4 slices of bread (with 
butter or fortified margarine). 

5. Meat and fish—one serving of meat, fish, 
poultry, or meat alternates such as dried 
beans, eggs, or cheese. Use liver frequently. 
In addition eggs and cheese at least three 
times each week. 

Vitamin D—at least 400 1.v. daily for all 
growing persons and expectant and nursing 
mothers. Iodized salt is reeommended.”’ 
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Pett suggests that the dietary standard be 
used: “(1) Asa scientific basis for planning 
food supplies for individuals or groups ex- 
cept where clinical observations or tests have 
established particular or special food require- 
ments. (2) To assess the amount of each 
nutrient provided by a diet in terms of prob- 
able physiological requirements. (3) To indi- 
cate a ‘nutritional floor’ beneath which the 
maintenance of health in people cannot be 
assumed.’’ Sweet foods are listed as having 
certain undesirable effects in that they tend 
to satisfy the appetite, thus reducing the 
quantity of protective foods eaten, and sec- 
ondly they may lead to severe tooth decay. 

In discussing the standards and allow- 
ances in Canada and the United States, re- 
spectively, E. G. Young (loc. cit.) points 
out that the recommended dietary allow- 
ances in the United States are designed 
chiefly for individuals and therefore are not 
too well suited for calculating the require- 
ments of a population nor to the evaluation 
of the food intake of any group of individ- 
uals. The author believes that such misuse 
of the United States dietary allowances led 
to the erroneous conclusion that widespread 
dietary deficiency exists in these two 
countries. 

A study of nutritional status, food con- 
sumption, and the effect of nutrition educa- 
tion in a group of schoolchildren in Toronto 
was reviewed (Nutrition Reviews 7, 885 
(1949)). In general it was found that con- 
sumption of food was adequate with the 
exception of milk and fruit and perhaps 
vitamin D. An educational program was 
carried out in the next two years in an effort 
to change the food habits of these children 
both through their mothers and through the 
schools, but was less effective than had been 
desired. 

E. W. McHenry (Canad. J. Pub. Health 
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40, 270 (1949)) in discussing the difficulties 
in nutrition education points out, among 
other things, that the motive may not be 
the correct one; that is, in the past either a 
moral reason or fear has been used to stimu- 
late improvement in food intake. Moreover, 
the advice given by the Canadian Commit- 
tee entitled ““Canada’s Food Rules,” is con- 
sidered by McHenry to emphasize the 
“rule,”’ a word likely to be poorly accepted 
on this continent. Good advertising methods 
based upon well-known principles should be 
used in nutrition education. 

Another confusing factor for the public 
has been disagreement among experts with 
resulting discrepancies in the recommenda- 
tions for intake of important and protective 
foods. And, finally, instead of choosing one 
particular food for a concentrated adver- 
tising period, the advertising in the past has 
been spread thinly among many foods so 
that confusion is further confounded. Mc- 
Henry believes that one particular food 
should be concentrated upon and suggests 
milk because of its importance and its lack 
in the diet of many of the children studied. 
A coordinated attack, including proper edu- 
cation of schoolteachers, health nurses, den- 
tists, physicians, and others, should be made. 

The points to be learned from these 
articles would seem to be as follows: (1) The 
Canadian dietary standards provide for 
smaller daily intakes of certain nutrients, 
especially some of the vitamins, are based 
on body weight increments, are rather 
recommended daily minimum intakes than 
optimum daily allowances, or, on the other 
hand, minimum requirements. (2) Nutrition 
education can make use of these dietary 
standards but must be based upon the best 
principles of advertising and should not in- 
voke moral motives to increase consumption 
of protective and important foods. 
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THE ADRENAL IN PROTEIN AND CARBOHYDRATE METABOLISM 


Information has accumulated rapidly in 
the past decade on the physiologic and bio- 
chemical effects of the adrenal hormones. 
Research in this field has received added 
impetus recently from the discovery that the 
adrenal hormone, compound E (Kendall), 
has a markedly beneficial action on rheuma- 
toid arthritis and several other diseases in 
man (Nutrition Reviews 7, 290 (1949)). Com- 
pound E (“cortisone’’) is only one of a num- 
ber of hormones which are produced by the 
adrenal cortex. Some of these hormones have 
effects, like desoxycorticosterone, primarily 
on mineral and water metabolism; others 
have actions like sex hormones. On the other 
hand, compound E, known chemically as 17- 
hydroxydehydrocorticosterone, is generally 
grouped with other 11— and 11-17 oxyste- 
roids whose predominant effects, as now 
known, are on protein and carbohydrate 
metabolism. Whether the therapeutic action 
of compound E in arthritis is related in any 
way to its effect on protein and carbohydrate 
metabolism is not known. These hormones 
may have many actions which are entirely 
obscure at present. Nevertheless any infor- 
mation on their metabolic influences may be 
a valuable contribution to an eventual 
understanding of these questions. : 

From studies in both animals (Nutrition 
Reviews 4, 25 (1946)) and man (Ibid. 7, 97 
(1949)) it is known that in the absence of a 
functioning adrenal cortex there is a marked 
diminution in the urinary nitrogen excretion 
and a tendency to hypoglycemia. If cortical 
hormones are given, the urinary nitrogen 
increases, hypoglycemia is prevented, and 
carbohydrate stores are increased. Similarly, 
in fasted animals with intact adrenals, ad- 
ministration of cortical hormones results in 
increased nitrogen excretion and increased 
gluconeogenesis. These studies made it clear 
that cortical hormones increased gluconeo- 
genesis by influencing conversion of protein 
to carbohydrate, although the manner in 
which this influence was exerted was not 


clear. The breakdown of body proteins, the 
deamination of amino acids, the conversion 
of 3-carbon precursors to glucose and glyco- 
gen, the conversion of glucose to glycogen, 
and the inhibition of extrahepatic glucose 
utilization have all been considered as pos- 
sible sites of action of cortical hormones in 
metabolism. Several studies have appeared 
which bear on this point. 

F. L. Engel, 8. Schiller, and E. I. Pentz 
(Endocrinology 44, 458 (1949)) investigated 
the protein catabolic effect of adrenal corti- 
cal extract in fasting bilaterally nephrec- 
tomized rats. Such animals accumulated urea 
at a relatively steady rate during the first 
eighteen to twenty-four hours after nephrec- 
tomy. Since urea is equally distributed 
throughout the body water, changes in blood 
urea nitrogen after various experimental pro- 
cedures quantitatively reflected increases or 
decreases in protein catabolism, urea being 
the end product of this process. The rate at 
which blood urea nitrogen accumulated was 
rather constant in a given strain of rats 
when determined for a three-hour period 
beginning fifteen to seventeen hours after 
nephrectomy, although different strains of 
rats showed somewhat different constants. 
If sufficient adrenal cortical extract was 
given to such rats the basal rate of urea 
accumulation increased about 40 per cent 
between the third and sixth hours after the 
administration of the extract, although little 
or no effect was observed during the first 
three hours. 

Intravenous injection of a mixture of the 
ten essential amino acids plus glycine in- 
creased the rate of urea formation but re- 
sulted in no greater amount of urea forma- 
tion when given with adrenal cortical extract 
than when either the amino acids or cortical 
extract was injected alone. This same result 
was obtained whether the amino acid mix- 
ture was composed principally of glycogenic 
or nonglycogenic amino acids. Adrenal corti- 
cal extract did not increase liver glycogen 


| 
| 
1 i | 
e 
e 
d 
n 
or 
y | 
st 
n- 


174 


in these rats although the glycogenic amino 
acid mixture did. The nonglycogenic amino 
acids did not increase liver glycogen but did 
when combined with adrenal cortical extract. 

Glucose had no effect on the rate of urea 
formation when given intravenously in doses 
isocaloric with the amino acid mixtures. 
However, glucose given along with adrenal 
cortical extract completely abolished the in- 
crease in blood urea normally produced by 
the latter. Glucose did not abolish the in- 
crease in blood urea produced by the amino 
acids. On the other hand, a fat emulsion 
given intravenously produced no increase in 
nitrogen metabolism and had no effect in 
preventing the usual action of adrenal corti- 
cal extract. 

Human, salt-poor serum albumin injected 
intravenously in amounts comparable to the 
amino acid preparations caused no increase 
in urea formation. However, when given 
with adrenal cortical extract, a larger in- 
crease in urea formation occurred than would 
have resulted from the adrenal extract alone. 
This observation is in contrast with the lack 
of additive effect with amino acids and corti- 
cal extract. Apparently glucose abolished 
the increased urea formation when adrenal 
extract and protein were given together, al- 
though the text of the paper and the tabular 
data do not agree exactly, probably because 
of an accidental omission in the table. 

It should be noted that these experiments 
were conducted using rats with intact ad- 
renals. From the relative constancy of the 
rate of urea accumulation during the experi- 
‘mental period it could be assumed that what- 
ever effect the adrenals were exerting was 
relatively constant. However, the extent to 
which the various experimental procedures 
may have constituted a stress sufficient to 
stimulate, or perhaps depress, adrenal activ- 
ity is not evident. Such a reaction would 
certainly have complicated the results. 

Recognizing this possibility, a second se- 
ries of experiments were conducted compar- 
ing rats which were nephrectomized only 
with rats in which both the adrenals and the 
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kidneys were removed (P. K. Bondy, F. L. 
Engel, and B. Farrar, Endocrinology 44, 476 
(1949)). To obtain postoperative survival 
in the adrenalectomized-nephrectomized rats 
for periods long enough for adequate study, 
it Was necessary to use animals which had 
been depleted of potassium prior to opera- 
tion. Similar observations had been made 
previously (8S. H. Durlacher and D. C. Dar- 
row, Am. J. Physiol. 136, 577 (1942); Bondy 
and Engel, Proc. Soc. Exp. Biol. Med. 66, 
104 (1947)). The reason for this phenomenon 
is not entirely understood although the ad- 
renalectomized rat is peculiarly sensitive to 
potassium, and nephrectomy might be ex- 
pected to effect the accumulation and dis- 
tribution of potassium. Actually the adrenal- 
ectomized-nephrectomized rats depleted of 
potassium survived longer than similar rats 
with intact adrenals. 

Urea accumulated at a rather constant 
rate from the time of operation to death in 
the fasting rats without adrenals or kidneys 
in contrast to similar rats with intact ad- 
renals which showed a rapidly accelerating 
rate of urea accumulation. 

The effect on urea formation of intra- 
venous doses of various test substances, as 
in the previous experiments, was studied 
eighteen and forty hours postoperatively. 
Three-hour-periods, eighteen to twenty-one 
and forty to forty-three hours postopera- 
tively were used as control periods. At the 
end of these periods the test substances were 
given and the change in urea formation dur- 
ing the next three hours determined. 

A glycogenic amino acid mixture produced 
approximately the same increase in blood 
urea in nephrectomized rats with or without 
adrenals. When whole protein (specially pre- 
pared rat plasma) was given, no change in 
urea formation occurred in the rats without 
adrenals, but a significant increase did occur 
in animals with intact adrenals. Adrenal 
cortical extract given to the animals lacking 
adrenals restored their ability to increase 
urea formation after rat plasma. These re- 
sults are different from previous findings 
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with human serum albumin in rats, with 
intact adrenals, on a normal potassium diet 
where no increase in blood urea occurred 
unless adrenal cortical extract was given. 
Human albumin was not used in the potas- 
sium-depleted rats. Intravenous glucose 
alone did not alter the rate of urea formation 
in the eighteen-hour tests although it did 
slightly depress blood urea in the forty-hour 
tests using rats with intact adrenals. Glucose 
also prevented the expected increase in urea 
following rat plasma. 

The authors interpret these results as indi- 
cating that the action of the adrenal cortex 
in nitrogen metabolism is primarily on the 
degradation of whole protein molecules 
rather than on amino acids as such. This is 
supported by the fact that their adrenalec- 
tomized rats exhibited no difficulty in form- 
ing urea from amino acids but were unable 
to convert intact protein in the absence of 
the adrenal or adrenal cortical extract. Also, 
adrenal extracts stimulated the formation of 
urea from intact protein but not from amino 
acids. Their data further suggest that the 
amount of glucose or carbohydrate precur- 
sors may profoundly modify the stimulating 
effect of the adrenal cortex on protein catab- 
olism. This is supported by the fact that 
glucose or glycogenic amino acids seemed to 
inhibit the breakdown of both endogenous 
and exogenous proteins. 

While their data do seem to be consistent 
with these interpretations, several other pos- 
sibilities exist which could not be ruled out 
in their experiments. Nevertheless, addi- 
tional support for these interpretations is 
provided in a study by P. K. Bondy (Endo- 
crinology 45, 605 (1949)) using a different 
type of physiologic preparation. Since urea 
is formed by deamination of amino acids 
chiefly in the liver, a study of adrenal corti- 
cal effects in the liverless animal might 
permit the separation of protein catabolic 
influences from effects on amino acid deami- 
nation and urea production. For this purpose 
Bondy used rats, with and without adrenal- 
ectomy, which had been eviscerated accord- 


ing to the technic of J. A. Russell (Am. J. 
Physiol. 136, 95 (1942)). In this procedure 
the entire intestinal tract, from the esoph- 
agus to the rectum, including the spleen was 
removed and the hepatic artery and portal 
vein were ligated so that the liver was iso- 
lated functionally but remained in the body. 

Such animals after operation showed a 
considerable increase in amino acids in the 
blood, as measured by plasma amino nitro- 
gen, if the adrenals were intact. Small doses 
of adrenal cortical extract had no effect but 
larger doses further increased the plasma 
amino nitrogen. If the adrenals were also 
removed, the rise in plasma amino nitrogen 
was much reduced. Small amounts of ad- 
renal cortical extract, which were ineffective 
in animals with intact adrenals, increased 
the amino nitrogen to control levels. Intra- 
venous glucose did not alter the rate of 
amino nitrogen accumulation but did pre- 
vent an increase in this rate following large 
doses of cortical extract. 

These observations indicate that altera- 
tions in nitrogen metabolism can be pro- 
duced by the adrenal cortex in the absence 
of the liver in confirmation of the results of 
D. J. Ingle, M. C. Prestrud, and J. E. 
Nezamis (Proc. Soc. Exp. Biol. Med. 67, 321 
(1948)). Since urea formation is essentially 
absent in the liverless animal, the effects of 
the adrenal in these experiments must have 
been mediated via a system entirely separate 
from deamination and urea formation. 
Bondy interprets his results as strengthening 
previous conclusions that the primary effect 
of adrenal cortical hormones in protein me- 
tabolism is on protein breakdown or re- 
synthesis. 

It is interesting to note that glucose con- 
tinued to modify the action of adrenal corti- 
cal extract in the absence of the liver indi- 
‘ating that this effect of glucose was exerted, 
in part at least, in the peripheral tissues. 

The experiments covered by this review 
represent valuable contributions in a field of 
great current interest. They certainly re- 
affirm the important role of the adrenal 
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gland in protein metabolism and supply con- 
siderable information on the modifying 
influence of carbohydrates in these phe- 
nomena. The site of action of adrenal hor- 
mones in the metabolism of protein and 
carbohydrate may be as suggested by these 
investigators. However, protein and carbo- 
hydrate metabolism are exceedingly com- 
plex, interlocking, and incompletely under- 
stood subjects which can be affected by a 
multitude of conditions. It may well be that 
the adrenal may influence carbohydrate and 
protein metabolism at several points in the 
metabolic cycle. The results of experiments 
of this type may be profoundly influenced 
by the experimental conditions employed. 
It might be pertinent to wonder how closely 


phenomena observed in experiments of this 
type reflect changes which occur in the nor- 
mal animal under normal conditions, espe- 
cially when the experiments are conducted 
a few hours after major traumatic surgery, 
using animals in a fasting state and under 
prolonged anesthesia. Such comments can- 
not be considered as serious objections in 
evaluating these experiments since they un- 
doubtedly represent the best approach avail- 
able at this time. Indeed much of the current 
knowledge of physiology is based on experi- 
mental preparations no less complex than 
these. Nevertheless such questions must be 
considered when attempting to project ex- 


.perimental results into normal physiology 


and biochemistry, 


ATHEROSCLEROSIS AND SERUM CHOLESTEROL FRACTIONS 


The last few years have seen rapid 
advances in the experimental approach to 
the condition atherosclerosis. Production of 
atherosclerosis in rabbits, chickens, and dogs 
has been accomplished by cholesterol feed- 
ing with or without auxiliary substances 
(Nutrition Reviews 8, 74 (1950)), and in each 
case a high-blood cholesterol is noted. An 
increased incidence of atherosclerosis is 
recognized in diabetes, and familial hyper- 
cholesterolemia, in which abnormally high- 
blood cholesterol values are found (Ibid. 6, 
99 (1948)). The correlation between obesity 
and arteriosclerosis (Ibid. 6, 176 (1948)) and 
the hyperchylomicronemia in the aged (Ibid. 
8, 61 (1950)) are also noteworthy in asso- 
ciating lipemia with the development of 
atherosclerosis. 

It is also recognized, however, that cor- 
relation of elevated blood cholesterol 
levels and atherosclerosis leaves much to 
be desired. For each report on a positive 
correlation may be found studies which 
demonstrate hypercholesterolemia without 
atherosclerosis, and the reverse. Although 
the lipemia of diabetes is now better con- 
trolled by insulin, the incidence of athero- 


sclerosis in diabetes appears to be as high 
or higher than in earlier years. 

J. W. Gofman and associates (Science 111, 
166 (1950)) have been concerned with the 
possibility that only a specific portion of the 
serum cholesterol is associated with develop- 
ment of atherosclerosis, and in the introduc- 
tion to their report have emphasized the 
existing lack of correlation between the total 
serum cholesterol level and atherosclerosis. 
Their tool for recognition of different serum 
cholesterol fractions was the analytical ultra- 
centrifuge in which different rates of flota- 
tion (negative sedimentation) of cholesterol- 
containing protein molecules could be de- 
termined. In practice, a group of low-density 
components of serum are first separated in 
the preparative ultracentrifuge, and the flo- 
tation rates of the individual components 
then determined in a saline solution of ap- 
propriate density employing the analytical 
rotor of the ultracentrifuge. On the scale of 
flotation rates reported, serum normally ap- 
pears to contain lipoproteins of “S; 5” to 
“S,8” flotation rates, and chylomicrons with 
a lower density have values in the order of 
S; 80. 
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The ultracentrifugal analysis of serum 
from rabbits which received 3 g. of choles- 
terol per week during a total period of fifteen 
weeks was made at intervals. The normal 
5 to 8 S¢ components increased in all rab- 
bits, but in some rabbits new molecular 
components of a 10 to 30 S; class appeared 
after thirty to forty days of cholesterol feed- 
ing. Upon autopsy of all the animals at 
fifteen weeks, a marked correlation between 
the extent of atherosclerosis and the appear- 
ance of the S; 10 to 30 blood components 
during cholesterol feeding was reported. 
Hence it is believed that the S; 10 to 30 
components are specifically associated with 
atherosclerosis and may be the molecular 
species which are deposited in the atheroma- 
tous plaque. 

In extending the study to human serums, 
a molecular species of S; 3 to 8 was con- 
stantly found in six hundred serums studied, 
as well as a group of low-density components 
of S; 40 to 70 which varied in relation to 
meals and probably included the chylomi- 
cron class of lipid particles. In some cases, 
however, the presence of molecular species 
of S¢ 10 to 20 was noted. The latter fraction 
was found to contain about 30 per cent 
cholesterol but little or no protein, while the 
normal S; 3 to 8 class of molecules contained 
25 per cent protein in addition to cholesterol. 
After study of a large number of serums of 
subjects in different age groups, of diabetics, 
and of patients with proved myocardial in- 
farction, the investigators concluded that 
the S¢ 10 to 20 class of serum lipid com- 
ponents was specifically related to develop- 
ment of atherosclerosis. 

The following groups of subjects were 
studied: normal men and women in the 20 
to 40-year-age group; normal men and 
women in the 40 to 70-year-age group; 
diabetic females of age 25 to 70; diabetic 
males 35 to 70; and both male and female 
subjects with proved myocardial infarction 
but without other known disease. The latter 
group was carefully chosen to exclude pa- 
tients whose clinical episode of infarction had 
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been more recent than six weeks, and pa- 
tients whose disease might be complicated by 
hypertension. A total of 104 patients (87 
males, and 17 females) with typical clinical 
history and electrocardiographic findings 
were included in the myocardial infarction 
group. 

The data were presented both in terms of 
the percentage of subjects within a group 
which showed a greater than the minimal 
measurable concentration of S; 10 to 20 
molecules (5 mg. per cent), and as scatter 
diagrams relating age and milligrams per- 
centage concentration of S; 10 to 20 mole- 
cules in the different groups. The claims 
appear justified that there is a greater inci- 
dence of serums with measurable S; 10 to 20 
molecules in males than in females in the 20 
to 40 age group, that the incidence is higher 
in the age group over 40 years, and that 
there is a higher incidence in the diabetic 
group. These findings are in accord with 
clinical observations. 

Significant were the results with the group 
of patients with myocardial infarction, which 
from past pathologic data might be expected 
to show nearly exclusively atherosclerotic 
lesions in the coronary arteries and else- 
where. Of the 104 patients in this group, 101 
showed measurable concentrations of S; 10 
to 20 molecules, in contrast to the 40 to 60 
per cent (depending on age group) of normal 
subjects showing the presence of these low- 
density molecules. Presumably the 50 per 
cent of normal subjects over 40 years of age 
who show the presence of these 8; 10 to 20 
molecules are in the process of developing 
atherosclerosis, and this is not in disagree- 
ment with pathologic data. 

Of interest to the difficulty of correlating 
total serum cholesterol and atherosclerosis 
are the findings of Gofman et al. with regard 
to the concentration of S; 10 to 20 molecules 
and total serum cholesterol. Data are not 
presented, but it was stated that although 
there was a trend toward high-cholesterol 
serums containing 8; 10 to 20 molecules, the 
correlation was not satisfactory. Many 
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serums With a total cholesterol over 200 mg. 
per cent showed the presence of 8; 10 to 20 
molecules, but many did not. Likewise, many 
serums with normal total cholesterol values 
contained S; 10 to 20 molecules. The poor 
correlation is presumably due to the fact 
that the S; 10 to 20 molecular fraction of 
cholesterol need be only a minor part of the 
total cholesterol. On the other hand, if the 
total cholesterol was over 300 mg. per cent, 
it was reported that the S; 10 to 20 molee- 
ular fraction was generally increased. 
Preliminary results on the effect of diet 
on the concentration of S; 10 to 20 molecules 
are of special nutritional and clinical in- 
terest. There has been a difference of opinion 
as to whether a dietetic restriction of choles- 
terol is of any benefit for patients with 
atherosclerosis, especially since the choles- 
terol needs of metabolism can be supplied 
by biosynthesis (7.¢., independently of diet). 


The requirement of the animal body for 
seven mineral elements, calcium, mag- 
nesium, sodium, potassium, phosphorus, sul- 
fur, and chlorine and for six so-called ‘“‘trace”’ 
mineral elements, iron, copper, iodine, man- 
ganese, zinc, and cobalt has been adequately 
demonstrated (Nutrition Reviews 4, 195, 227 
(1946)). 

Other ‘trace’? mineral elements such as 
fluorine, aluminum, boron, molybdenum, 
and bromine have also been tested to deter- 
mine whether they too were essential; in no 
case has conclusive evidence been obtained 
to demonstrate that these elements had to 
be supplied in order to promote good growth 
or for maintenance of health and well-being. 
The fact that these and elements other than 
those known to be essential are found in 
animal tissues has spurred the search for 
evidence of whether their presence was only 
accidental. 

In many studies in this field, the investi- 
gators were unable to produce diets which 
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It was reported that in 17 of a group of 20 
subjects studied, the concentration of S; 10 
to 20 molecules was measurably reduced, in 
some cases below detection by the ultra- 
centrifugal method, by restriction of choles- 
terol and fat in the diet. 

Hence the studies reported point strongly 
to an association between a particular type 
of cholesterol-bearing molecule and the de- 
velopment of atherosclerosis. On this basis, 
analysis for these molecules may provide the 
index for evaluation of attempts to modify 
or stop the progression of the atherosclerotic 
lesion. Gofman and associates have, in prog- 
ress, long-term studies on the effect of diet, 
hormones, and lipotropic factors on the blood 
level of the S; 10 to 20 molecular species. 

Confirmation of the report is of course 
necessary, and considering the clinical and 
nutritional importance of the work, it should 
not be long in coming. 


were completely free of the element under 
scrutiny. Thus the trace of the element. pres- 
ent as a contaminant may have been ample 
to supply the requirement of the experi- 
mental animal under the circumstances of 
the study. Hence an additional supplement 
of the element would give no stimulus and 
would lead to the conclusion that the ele- 
ment was not required. Other studies may 
not have been conducted for sufficiently long 
periods to permit depletion of the body 
stores of that particular element or to test 
whether reproduction was influenced by the 
deficiency. 

A series of experiments on the requirement 
of the rat and the guinea pig for additional 
trace minerals has been described by O. 
Rygh (Bull. Soc. chim. biol. 31, 1052 (1949); 
Norske tannlaegeforen. tid. 60, 1 (1950)). The 
studies were based on the development of an 
extremely well-purified diet by removal of 
those trace minerals which are present as 
normal contaminants in all the usual ration 
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components. All materials used in the diets 
had been subjected to an intensive purifica- 
tion. For example, the calcium had been 
electrolyzed three times from fused calcium 
chloride; then, the metallic calcium was re- 
distilled twice in high vacuum. To form the 
calcium monophosphate which was _ incor- 
porated into the ration to supply calcium 
and part of the phosphorus, the calcium was 
dissolved in orthophosphoric acid, prepared 
from phosphorus that had been redistilled 
three times, and ‘absolutely pure”’’ water. 
Similar precautions were taken with all diet 
ingredients. Purity of each component was 
guaranteed by spectrophotometric analyses. 
The resulting diet was believed by the in- 
vestigator to be “absolutely free from all 
traces of inorganic nutritive trace elements.” 

The approximate basic composition of the 
trace-element deficient diet in percentage 
was: ammonia hydrolysate of casein 10, fatty 
acids from arachide oil 5, glycerol 0.3, starch 
39, glucose 19, lactose 19, pectin 0.5, salt 
mixture 5, and cellulose acetate 2. To this 
mixture were added twenty vitamins, un- 
saturated fatty acids, and other compounds 
which have been postulated to be essential 
nutrients, such as methylnornarcotine, neo- 
hesperidine, lecithin, and cholesterol, but no 
choline per se. The salt mixture contained 
sodium, potassium, calcium, magnesium, 
phosphorus, sulfur, chloride, iodide, iron, 
copper, and manganese, but no zinc even 
though this mineral has previously been 
shown to be a nutritionally essential element. 
When desired, the above diet was supple- 
mented by addition of 2.5 per cent of a 
mixture of thirty-nine salts of different ele- 
ments ranging from aluminum to zirconium 
and including gold, silver, mercury, lead, 
and uranium. The distribution of these com- 
pounds in this mixture was based on the 
frequency with which the elements occurred 
in sea water. 

The group of 30 rats which was fed the 
unsupplemented diet declined from a weight 
average of 50 g. at the beginning of the ex- 
periment to an average of 37 g. for the 5 
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survivors at the end of three weeks. In no 
case did rats on this diet live longer than 
four weeks unless supplements of various 
trace elements were given. 

In contrast, the second group of 30 rats 
which was fed the diet supplemented with 
the trace element mixture grew from 50 to 
118 g. in twelve weeks. The 5 survivors in 
the deficient group, which were transferred 
to the supplemented diet at the end of three 
weeks, grew at a rate sufficient to equal 
exactly the weights of the second group in 
nine weeks. From these data, Rygh con- 
cluded that the basal diet plus the 2.5 per 
cent supplement of trace elements was a 
completely adequate ration for growth of 
weanling rats. Similar studies with the 
guinea pig gave the same conclusion. 

In view of the differences in rate of growth 
and survival produced by the supplement 
of mineral salts, Rygh began investigations 
to determine which of the thirty-nine ele- 
ments supplied were essential. From the 
results of these studies, he concluded that 
at least zine, strontium, barium, thallium, 
and vanadium were essential for normal me- 
tabolism and could not replace one another. 
He believed that strontium and vanadium 
both acted to increase calcium deposition 
while zinc, barium, and thallium all de- 
creased calcification. Increased calcification 
was stated to be most evident when zinc, 
barium, and thallium were absent simulta- 
neously; on the other hand, decreased calci- 
fication Was most evident when strontium 
and vanadium were absent at the same time. 
As examples of the previous statement, the 
percentage of ash in the tibias, femurs, and 
fibulas of a group of rats on the strontium- 
and vanadium-deficient diet for thirty-two 
days was 10.6, while the comparable value 
for a group of rats on the zine-, barium-, and 
thallium-deficient diet for ten days was 52.8 
per cent. 

The normal ash value for the long bones 
of rats on the complete diet was 44.3 per 
cent. Furthermore, when strontium and va- 
nadium were absent from the ration, Rygh 
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reported a high incidence of carious teeth. 
In experiments to “confirm” the above re- 
sults, this investigator gave overdoses of 
salts of these five elements to rats and guinea 
pigs. Strontium and vanadium seemed to 
cause overcalcification when fed in excess. 
One group of rats had a 70.6 per cent ash 
content in the tibias, femurs, and fibulas. 
Excess barium, zinc, and thallium salts re- 
sulted in extremely poor calcification. One 
group of rats given an overdose of salts of 
these three elements had a 12.9 per cent ash 
content in the long bones. When strontium 
and vanadium were given in excess, no tooth 
decay was observed; when zine, barium, and 
thallium were given in excess, a high inci- 
dence of tooth decay was reported. 

In a short note, O. Rygh (Research (Sur- 
rey, England) 2, 443 (1949)) reported the 
results of studies on calcification during 
scurvy. The same supplemented diet was 
used as above except that ascorbic acid, 
methylnornarcotine, and neohesperidine 
were omitted. On this diet alone, scurvy 
developed in each guinea pig, leading to 
death in about four weeks. Absence of stron- 
tium and vanadium and/or overdosing with 
thallium, barium, and zinc resulted in earlier 
death at eighteen days but without rosary 
and other calcic depositions. However, ab- 
sence of thallium, barium, and zine and/or 
overdosing with strontium and vanadium 
lengthened the life of the animals by a week 
but resulted in excessive calcification. In 
rats, Rygh stated that he had data to indi- 
cate that an overdose of any one of the 
above five elements led to scurvy when the 
diet lacked methylnornarcotine. In the pres- 
ence of this substance, no evidence of scurvy 
was observed. 

Zinc has been known to be required for 
growth and well-being of the animal body, 
since the observations on rats by W. R. 
Todd, C. A. Elvehjem, and E. B. Hart (Am. 
J. Physiol. 107, 146 (1934)). However, 
Rygh’s data on strontium, vanadium, thal- 
lium, and barium represent experimental evi- 
dence that these elements may be required 
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by the animal body. Considering that these 
studies may have been the first to demon- 
strate the requirement for four additional 
trace elements, there is surprisingly little 
descriptive or tabular data to characterize 
how the deficiency of these elements affected 
the rat or the guinea pig except with regard 
to calcification. For example, no comment is 
made upon the rate of growth or ability to 
survive of rats or guinea pigs which were 
deficient in thallium or barium. 

Nutrition investigators will be interested 
in a number of things about the diet used in 
these studies. The reason for the low-protein 
content (10 per cent hydrolyzed casein) of 
the ration was not explained and was not 
evident from the paper. The absence of cho- 
line, except for the little present in lecithin 
which was supplied at a level of 50 micro- 
grams per kilogram was rather surprising 
in view of the fact that the experimental 
animals usually were weanling rats. 

The concentration of thiamine, pyridox- 
ine, calcium pantothenate, para-aminoben- 
zoic acid, inositol, and vitamins A and E in 
the ration were at much lower levels than 
those commonly believed to be optimal for 
rapidly growing animals. The calcium: phos- 
phorus ratio of 0.32 and the sodium: potas- 
sium ratio of 0.33 were rather unusual for a 
diet which was described as capable of pro- 
moting normal growth. The slow rate of 
growth (68 g. in twelve weeks) observed in 
Rygh’s rats which received the basal diet, 
plus the complete trace element supplement, 
can probably be attributed to one or a com- 
bination of the above abnormalities of the 
diet. However, the characterization by the 
investigator of this rate of growth as “‘quite 
normal” is impossible to understand. 

The data on calcification were tabulated 
in much greater detail than any other mani- 
festation of the deficiency or excess of the 
strontium, vanadium, barium, zinc, and thal- 
lium and represented vast deviations from 
the normal. However, in view of the numer- 
ous unusual features of the diet, it appears 
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that even these results should be considered 
with considerable skepticism until they have 
been repeated with a diet that is adequate in 
concentration and distribution of proteins, 
vitamins, and major minerals. Furthermore, 
presentation of additional factors such as 
appearance of the animals, length of survival, 
and rates of growth, in readily understand- 
able fashion would greatly strengthen the 
value of the investigation. 

The major contribution of this series of in- 
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vestigations appears to be the degree to 
which each dietary constituent has been 
purified, indeed until spectrophotometrically 
free of any trace elements. In view of the 
tremendous effort which went into the prepa- 
ration of the diet, it seems highly unfortu- 
nate that so many features of it were such as 
to raise serious questions as to whether it 
would allow normal growth, development, 
and maintenance even when all trace ele- 
ments are added in abundance. 


NUTRITION OF ANIMAL CELLS IN TISSUE CULTURE 


That certain excised animal tissues will 
survive and continue to grow when kept in 
sterile cultures and supplied with an appro- 
priate nutritional and physical environment 
is well known. If such cultures could be 
grown in mediums of known composition, an 
immediate and direct approach to the study 
of their detailed nutritional requirements 
could be made. The mediums so far found 
adequate for successful subculture of animal 
tissue cultures over long periods of time are 
complex mixtures of biologic fluids such as 
clotted plasma and an extract of embryos 
(embryo juice). Early attempts at simplifica- 
tion of such mediums were uniformly un- 
successful. 

Within recent. years, the problem has been 
attacked by several workers. P. R. White 
(Growth 10, 231 (1946); Nutrition Reviews 5, 
189 (1947)), for example, was able to obtain 
limited growth and greatly increased sur- 
vival times of various tissue types in ‘‘syn- 
thetic mediums” containing inorganic salts, 
glucose, the ten essential amino acids, the 
then known B-vitamins, ascorbic acid, vita- 
min A, glutathione, and cysteine. After vari- 
able times, ranging up to four or more weeks, 
degeneration and regression of explants in 
these mediums occurred. 

A. Fischer and co-workers (Nutrition Re- 
views 7, 8 (1949)) used a basal medium of 
dialyzed plasma and dialyzed chick-embryo 
extract which allowed neither growth nor 


survival of animal cells, then determined the 
effects of adding back various diffusible nu- 
trients to this medium. In this way it was 
established that dialyzable components of 
embryo extract were essential for growth 
and survival, and that the effects of such 
crude extracts could be duplicated over short 
periods by a simplified mixture of nutrients 
containing the major salts of Tyrode’s solu- 
tion, glucose, fructose diphosphate, nine es- 
sential amino acids, cystine, glutathione, and 
glutamine. Glutamine, fructose diphosphate, 
and the essential amino acids were essential 
for growth under these conditions. Thus was 
established the important point that for in 
vitro growth, animal tissues may require cer- 
tain nutrients which are not required (7.e., 
are synthesized) by the intact animal. Con- 
tinued growth on subculture in such me- 
diums was not reported. 

Results of recent studies on this problem 
are reported by J. F. Morgan, H. J. Morton, 
and R. C. Parker (Proc. Soc. Exp. Biol. Med. 
73, 1 (1950)). Chopped leg muscle fragments 
from 11-day-old chick embryos were trans- 
ferred to the inner surface of standard test 
tubes. After an hour, during which time the 
tissue became attached firmly to the glass, 
the tissues were flooded with the nutrient 
medium, then incubated in an almost hori- 
zontal position in a rotating drum. For the 
first three to five days the nutrient medium 
contained horse serum and embryo extract. 
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At this time, defective cultures were dis- 
carded, and the medium in the remaining 
tubes replaced by mediums containing only 
known compounds. Cultures were main- 
tained in these synthetic mediums until liv- 
ing cells were no longer apparent; the effect 
of a given nutritive supplement is thus re- 
corded in terms of its effect on the average 
survival time of the culture. 

When the synthetic medium was simply 
a modified Tyrode’s solution (a balanced 
salt mixture) the average survival time of 
twenty-three cultures was six and six-tenths 
days. Addition to this salt mixture of an 
optimal concentration of a mixture of amino 
acids made up to simulate the composition 
of tissue proteins, extended this survival 
time to fourteen and a half days. Further 
additions of vitamins (all fat- and water- 
soluble vitamins except vitamin By, dis- 
persed in aqueous Tween 80 solution) had 
only a slight effect on the period of survival, 
extending this to an average of sixteen and 
eight-tenths days. When the naturally oc- 
curring purines, pyrimidines, and cholesterol 
were added to this mixture of salts, amino 
acids, and vitamins, survival was improved 
to an average of twenty-three and four- 
tenths days. Finally, addition to this mix- 
ture of compounds of adenylic acid, adeno- 
sinetriphosphate, sodium acetate, glutamine, 
ribose, and desoxyribose, extended the aver- 
age survival time to twenty-eight days. The 
best survival times recorded (thirty-three 
days, average, with a few cultures remaining 
viable for over seventy days) were obtained 
when small amounts of ferric ion (as ferric 
nitrate) were added to this complex medium. 

The authors record no attempts to deter- 
mine, by deletion of single compounds, which 
of the added compounds in each group of 
nutrients appeared absolutely essential. This 
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appears to be a problem for future investiga- 
tion. Rather, the objective was to obtain a 
balanced mixture of the known nutrients 
which would give the best possible results, 
to permit subsequent determination, if pos- 
sible, of the additional substances required 
to make the nutrient mixture completely 
adequate for continuous cell multiplication. 
Some of these additional substances may be 
still unidentified compounds present in 
serum and embryo extract. The present com- 
plex nutrient mixture, containing fifty-two 
important known organic compounds plus 
inorganic salts should serve as an excellent 
basal medium for this purpose. 

The results again illustrate the favorable 
effects upon survival of such cultures of ma- 
terials (e.g., the purine and pyrimidine bases) 
not found essential for intact animals. By 
way of contrast, substances such as the vita- 
mins, known to be required by the intact 
animal, showed little effect in these experi- 
ments. This may well be due to the fact that 
adequate amounts of such catalytic factors 
were carried over into the culture with the 
original tissue fragments, or absorbed during 
the preliminary incubation with serum and 
embryo extract, to permit the limited growth 
and survival times obtained under these 
conditions. 

Once a synthetic medium which is ade- 
quate for continuous growth is achieved, it 
will become possible to determine the role of 
each of these nutrients upon growth of this 
and other tissues, and to examine the role 
of individual nutrients in determining the 
susceptibility of individual tissues to drugs 
of all types. By this approach, it is hoped 
that information of great importance to nu- 
trition, physiology, chemotherapy, and _re- 
lated sciences may be obtained. 


PYRIDOXINE DEFICIENCY IN MAN 


Extensive work has demonstrated a num- 
ber of pathologic states resulting from de- 


ficiency of pyridoxine in experimental ani- 
mals (Nutrition Reviews 4, 163 (1946); 6, 63 
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(1947)). However, despite attempts to dis- 
cover pyridoxine deficiency in man and al- 
though some enthusiastic reports concern 
its effectiveness in certain diseases, clearcut 
evidence of its role in metabolism in man has 
not been shown ([bid. 7, 246 (1949)). 

In certain experimental animals, anemia 
(hypochromic), leukopenia, chiefly lympho- 
penia, and atrophy of lymph nodes and the 
thymus occur when the animals are fed a 
pyridoxine-deficient diet or are given the 
competitor for pyridoxine, desoxypyridoxine 
(Nutrition Reviews 6, 37 (1948)). These 
changes in the lymphoid tissue of experi- 
mental animals led to the trial of a pyridoxine- 
deficient diet and of desoxypyridoxine in the 
treatment of malignant lymphatic disease. 

A. Gellhorn and L. O. Jones (Blood 4, 60 
(1949)) have reported attempts to produce 
pyridoxine deficiency in man by the use of a 
pyridoxine-deficient diet and the antagonist, 
desoxypyridoxine, to determine whether this 
therapeutic regimen had any effect upon 
malignant disease of lymphatic tissue. Six 
patients were studied. The diet contained 
vitamin-free casein, gelatin, sugar, corn 
starch, unenriched cream of wheat, butter, 
and artificial flavoring; carbonated drinks, 
tea, and coffee were also allowed, and one 
serving of certain fruits. Because of the un- 
pleasantness of the diet, often too little was 
consumed to be considered sufficient for the 
individuals. Desoxypyridoxine was adminis- 
tered by mouth. There was no evidence that 
the regimen produced any therapeutic effects 
in the patients who had either widespread 
lymphosarcoma or acute lymphatic leu- 
kemia, nor was there clearcut evidence of 
anemia or depression of the white cells. 

Two patients had transient epileptiform 
convulsions which were interpreted by the 
authors as acute toxic manifestations of large 
doses of desoxypyridoxine. The dosage was 
reduced after these untoward reactions had 
occurred. It is possible that the convulsions 
were related to pyridoxine deficiency, as such 
have been reported in experimental animals. 
Nevertheless failure to find any evidence of 
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pyridoxine deficiency, including abnormali- 
ties in the metabolism of tryptophan, would 
indicate that actual pyridoxine deficiency 
was not achieved. 

In contrast to this first study, J. F. Muel- 
ler and R. W. Vilter (J. Clin. Invest. 29, 193 
(1950)) actually produced pyridoxine de- 
ficiency. Eight patients were given a ‘“‘stand- 
ard vitamin B-complex poor’ diet which 
furnished approximately 3000 calories, 42 g. 
of protein, 27 g. of fat, 0.42 mg. of thiamine, 
4.2 mg. of niacin, 0.60 mg. of riboflavin, and 
0.5 mg. of pyridoxine. The patients had a 
number of chronic illnesses. One group was 
given desoxypyridoxine, 60 mg. intramuscu- 
larly daily, another 100 mg., later 125 mg., 
and finally 150 mg. of the substance. One 
patient was also given 6 g. of succinylsul- 
fathiazole daily by mouth. When signs sug- 
gestive of pyridoxine deficiency occurred, a 
vitamin B-complex mixture was given intra- 
muscularly daily: thiamine 25 mg., niacin- 
amide 50 mg., and riboflavin 10 mg. Finally, 
in many instances, 100 to 200 mg. of pyri- 
doxine were administered. 

The following external lesions, presumably 
due to pyridoxine deficiency, appeared in 
some of the patients: superficial scaling; oily, 
reddened skin lesions, especially around the 
eyes, nose, and mouth; fissures at the angles 
of the mouth and lateral canthi of the eyes. 
Sore, swollen, red tongues and buccal mu- 
cous membranes likewise appeared in some. 
One of the patients receiving 100 mg. of 
desoxypyridoxine daily developed extensive 
skin lesions and in addition nausea, vomit- 
ing, extreme weakness, and dizziness. These 
lesions appeared either before B-complex vit- 
amins were administered or during adminis- 
tration of them and were cleared (within 
forty-eight to seventy-two hours) only fol- 
lowing administration of pyridoxine itself. 
The lesions usually appeared about three 
weeks after beginning the deficient diet and 
administration of desoxypyridoxine. 

Anemia developed only in the patient in 
whom the succinylsulfathiazole was given in 
addition to the low-pyridoxine diet and the 
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desoxypyridoxine. At its height, there were®* These experiments show definitely that 


12 g. of hemoglobin per 100 ml., 3,000,000 
erythrocytes per cu. mm., and an hematocrit 
of 36 per cent. The anemia was thus mildly 
macrocytic. Leukopenia was not observed, 
although a mild lymphocytopenia was noted 
in 7 patients. At the height of the skin erup- 
tion, 2 patients developed eosinophilia of 22 
and 9 per cent, respectively. 

The urinary excretion of thiamine, N’-me- 
thylnicotinamide, and riboflavin was _re- 
ported to be in the low-normal range. Xan- 
thurenic acid and kynurenine were not found 
in the urine of any patient. 


abnormalities occur in man by feeding a 
pyridoxine-deficient diet and in addition ad- 
ministering the antimetabolite, desoxypyri- 
doxine. Seborrhea-like skin lesions and 
changes in the tongue and buccal mucous 
membrane resembling those seen in _pel- 
lagrins were the most constant findings. The 
appearance of these lesions in from two to 
three weeks after beginning the experimental 
regimen and prompt clearance of them with- 
in two or three days after administration of 
pyridoxine, clearly establishes their relation 
to a deficiency of this vitamin. 


DIET AND AGING 


Health during old age and the length of 
man’s life, like the majority of biologic char- 
acteristics, are the result of interaction be- 
tween “heredity” and “environment.” At 
present, the increase in the number of deaths 
due to degenerative diseases, 7.e., cancer, 
diabetes, and arteriosclerosis, presents baf- 
fling problems to medical science, including 
the science of nutrition. Among the environ- 
mental factors, nutrition is likely to play a 
prominent role. Furthermore, the basis for 
“degenerative”? developments of the upper 
middle and older age groups is certainly es- 
tablished in the earlier periods of adult life 
and, probably, already during the period of 
growth, which is profoundly influenced by 
nutrition. 

Present knowledge concerning relations 
between diet and aging was reviewed by 
C. M. McCay (Vitamins and Hormones 7, 
147 (1949)). The merit of the review is as 
much in summarizing what is known as in 
pointing out the severe gaps in present 
knowledge. In the organization of his critical 
review McCay followed principally the classi- 
fication of nutrients. It might be preferable 
to follow a topical arrangement (main- 
tenance of fitness, morbidity, mortality, 
change in dietary requirements in old age, 
analysis of diets actually consumed by older 


age groups) but the information is not ade- 
quate. 

Most of the research has been carried out 
on animals. For several reasons, particularly 
the relatively short span of life, mice, rats, 
guinea pigs, and golden hamsters are the 
most likely candidates for studies on aging. 
Unfortunately, rats, perhaps generally the 
most useful laboratory animals, commonly 
die of lung disease before the onset of cardio- 
vascular degeneration. 

The dog is the most useful animal for 
research on aging. Its nutritional require- 
ments, except for ascorbic acid are close to 
those of man and so is its pathology at the 
end of the life span (tumors as well as renal, 
cardiovascular, and gastrointestinal disturb- 
ances). However, the existence of important 
species differences should not be neglected. 
For example, one of the typical signs of old 
age in man is lowering of the basal metab- 
olism. This important phenomenon has not 
been demonstrated either in the dog or in the 
rat (L. C. Willand C. M. McCay, Arch. Bio- 
chem. 2, 481 (1943)). Furthermore, dogs are 
expensive research animals and their long 
life span makes difficult the study of the 
same animals, followed through the total 
life span. 

In the majority of experimental (animal) 
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studies on aging, the life span was used as 
the criterion of the ‘“‘goodness”’ of the dietary 
regimen. This criterion has several advan- 
tages, not the least of them being its definite- 
ness and objectivity. Other criteria, such as 
maintenance of reproductive power or the 
character of terminal diseases, may lead to 
conclusions different from when evaluation 
of the diet is made in terms of the life span. 

McCay’s studies at Cornell on diets low 
in vitamin E indicated that males lost fer- 
tility prematurely, as judged by loss of sperm 
motility, but the total span of life was not 
affected. Even more striking differences were 
obtained when McCay studied the effects 
of retardation of growth; whereas deteriora- 
tion of vital inner organs was slowed down, 
the teeth tended to decay more rapidly. 
These facts complicate nutritional research 
and impose severe limitations upon the gen- 
eralizations which can be made from a single 
study and on the basis of investigating one 
particular aspect of the total “fitness” of the 
animal and human organism. 

Is animal protein an important factor in 
the aging process? Comparisons of the length 
of life of omnivorous rats and of rats main- 
tained on vegetarian diets did not yield 
clearcut results. C. Y. Chang, H. Wu, and 
T. T. Chen (Chinese J. Physiol. 16, 229 
(1941)) found no important differences. 

In a study by A. J. Carlson and F. Hoelzel 
(J. Nutrition 34, 81 (1947)) the rats fed 
purely vegetarian diets were stunted in 
growth and had a somewhat shorter average 
life span; the mean age, in days, at death was 
631 for males and 650 for females. For the 
omnivorous rats the values were 659 and 
733, respectively. Due to the large inter- 
individual variability, the observed diet dif- 
ference for the males would occur frequently 
by “‘chance,’’ due to random sampling alone. 
The diet difference for the females ap- 
proached but did not reach the level required 
for statistical significance of the difference. 
Further work is needed to elucidate the rela- 
tion between animal protein intake and 
longevity. 
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C. A. Mills (Am. J. Physiol. 153, 31 
(1948)) concluded that thiamine is the only 
water-soluble vitamin needed by the rat in 
greater amounts during old age. Contrary 
to earlier assumptions, the extensive study 
by M. K. Horwitt, E. Liebert, O. Kreisler, 
and P. Wittman (National Research Council 
Bull. 116 (1948); Nutrition Reviews 7, 264 
(1949)) provided no conclusive evidence that 
thiamine requirements are larger in the aged 
than in the younger adult. 

The effects of adding substantial amounts 
of vitamin A and especially of vitamins of 
the B-complex, to a moderately good human 
diet, fed to rats, were tested by G. A. Sperl- 
ing, J. K. Loosli, L. L. Barnes, and C. M. 
McCay (J. Gerontol. 1, 426 (1946)). The 
basic diet was similar to that commonly 
consumed in the northeastern part of the 
United States. Addition of the vitamins re- 
sulted in this case in no increase in longevity, 
with the mean life span of 684 days for the 
40 unsupplemented rats and 589 days for the 
40 supplemented animals. 

H. E. Paul and M. F. Paul (J. Nutrition 
31, 67 (1946)) maintained small groups of 
rats, through their entire life span, on a vita- 
min A-free diet with supplements of 1, 2, 4, 
and 20 1.v. of vitamin A per 100 g. of live 
weight per day. It may be noted that H. Goss 
and H. R. Guilbert (Ibid. 18, 169 (1939)) 
estimated the minimum daily vitamin A in- 
take, necessary for prevention of deficiency 
symptoms, at about 2 1.v. per 100 g. of body 
weight. The average ages at death for the 
four groups of rats studied by the Pauls were 
80, 234, 521, and 649 days. The differences 
between the groups receiving 4 1.U. and the 
groups receiving 20 1I.v. became apparent 
only after the animals reached 200 to 250 
days of age, 7.e., the higher vitamin A intake 
did not reduce mortality during the early 
part of life but prolonged the life span of the 
adult animals. The authors recommended 
10 1.u. of vitamin A per 100 g. of body 
weight, a value which is five times the mini- 
mum requirement as established by Goss 
and Guilbert. 
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The effects of dietary calcium on life span 
of the rat were studied by several authors, 
with conflicting results. H. C. Sherman and 
H. L. Campbell (J. Nutrition 10, 363 (1935)) 
stated that increase in the calcium intake 
above the level already considered adequate 
resulted in an increase of the life span. In a 
more recent study, Sperling, Loosli, Barnes, 
and McCay (loc. cit.) were unable to increase 
the life span of rats by providing extra large 
amounts of calcium in the form of milk and 
other calcium-rich foods. Similar negative 
results were obtained by J. B. Shields and 
H. H. Mitchell (J. Nutrition 32, 213 (1946)). 
The fact that the animals die of lung infec- 
tion before a severe calcium depletion takes 
place in old age limits the generalizations 
which are to be drawn from these studies. 

C. Kennedy (personal communication) 
noted that a strain of rats with higher basal 
metabolism rates tended to have a somewhat 
shorter average life span (500 days in male, 
647 days in female) and was more suscep- 
tible totumorsthan a strain with lower basal 
metabolism rates (life span of 521 and 690 
days, respectively). This brings up the more 
specific question of the rate of metabolic 
activity during the growth period and its 
relation to longevity. 

Biologists have noted the tendency of 
slowly maturing species to live longer. For 
the last two decades the relation between 
individual growth rates and longevity in the 
same species (principally rats, but also fish 
and dogs) was studied intensively by C. M. 
MeCay and his group (for a review see Am. 
J. Pub. Health 37, 521 (1947)). Retardation 
of growth was produced by restricting the 
caloric intake but maintaining the diets ade- 
quate in essential nutrients. About one- 
fourth of the rats attained an age exceeding 
1000 days, reached very rarely with unre- 
stricted feeding. The increase in longevity 
was achieved by delaying the onset of termi- 
nal diseases (infected lungs, tumors, and 
diseased kidneys). 

The pathologic study by J. A. Saxton 
(Biol. Symposia XI, 177 (1945)) described 
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in detail the delayed onset of degenerative, 
old-age changes. The mechanism responsible 
for this phenomenon or its importance for 
human nutrition remains unclear. The find- 
ings are challenging and may force revision 
of much present-day nutritional thinking in 
which a diet providing more rapid growth is 
generally accepted as “‘better.”’ 

Strangely, little attention has been paid by 
MeCay to caloric nutrition of the adult, vet 
undernutriture (in many parts of the world) 
and excess caloric nutriture (in the United 
States), are problems of first order of im- 
portance. 

Mortality data are affected by a number 
of factors and should be interpreted with 
caution. Although a direct causal relation 
has not been demonstrated, except in famine 
conditions, it is of considerable interest that 
there is a close parallelism between crude 
death rates and estimated caloric intake per 
capita per day at the retail level (Population 
Index 13 (No. 2), 96 (1947)). The average 
death rates were about 28, 26, 22, 19, 14, and 
12 per 1000 for countries with caloric intakes 
below 2250 calories, 2250 to 2499, 2500 to 
2749, 2750 to 2874, 2875 to 2999, and 3000 
calories and over. The relation is roughly 
linear, with a considerable scatter at the lower 
levels of caloric intake and high levels of 
mortality. 

On the other hand, there is growing evi- 
dence that in the United States overweight 
is one of the most important forms of ‘‘mal- 
nutriture.”” In the age category, 50 to 59 
years, the actual number of deaths expressed 
as the percentage of expected deaths was 91, 
118, 122, and 147 for individuals overweight 
by 5 to 14, 15 to 24, 25 to 34, 35 or more per 
cent, respectively (cited by L. I. Dublin, A. 
J. Lotka, and M. Spiegelman, ‘Length of 
Life,” p. 194, Ronald Press, New York 
(1949)). In the adult, particularly the older 
adult, underweight is conducive to longer 
life. Standardized death rates per 100,000 for 
cerebral hemorrhage and apoplexy in three 
overweight categories (5 to 14, 15 to 24, 
25+ per cent of overweight) were 101, 115, 
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170; for nephritis, 108, 202, and 224; for 
diabetes, 22, 45, and 117. 

There are marked differences in individual 
salt consumption (ratio of about 1:5), yet 
there is no study which considers either the 
reasons for the differences in the intake or 
the effect of these large variations in the in- 
take on the span of life. 

The importance of bulk in the diet for 
effective evacuation is generally accepted. 
The frequent sluggishness of the bowel move- 
ments in the aged is equally well known. 
Again, little or no experimental work has 
been done on the importance of the bulk 
formers in the diet for proper functioning in 
the intestines of the aged or, for that matter, 
at any period of human life. 

In old age there is a gradual loss of fat 
deposits both from the subcutaneous tissue 
and the deeper fat depots. The factors in- 
volved are not clear. No concrete evidence 
supports the idea that this is a mechanism 
compensating for inadequate intake of fat. 
In public institutions for the aged, and this 
includes also mental hospitals, the amount 
of fat, especially of butter for spreading on 
bread, is low because it is expensive. McCay 
noted that the conditions could be much im- 
proved by salvaging the edible fat, otherwise 
trimmed from fats and made into soap. 

Decalcification of the bones of the aged, as 
well as the increased frequency and serious- 
ness of broken bones, are well recognized 
phenomena. Nevertheless the mechanisms 
involved in the negative calcium balance 
(failure of absorption from the gut, increased 
excretion into the gut) are not well under- 
stood and little attention has been paid to 
the importance of calcium in the diet of the 
aged. Old rats and hamsters were unable to 
maintain their body stores of calcium even 
when the level of dietary calcium was raised 
from 0.2 to 0.7 per cent. In an old dog studied 
the same dietary change reduced the cal- 
cium losses from the body but a positive 
calcium balance was not established. 

Balance studies on older women living in 
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almshouses were made by M. Pyke, 8. 
Holmes, R. Harrison, and K. Chamberlain 
(Lancet Il, 461 (1947)), indicating a daily 
calcium intake of 0.4 to 0.7 g. According to 
P. H. Roberts, C. H. Kerr, and M. A. Ohlson 
(J. Am. Dietet. Assn. 24, 292 (1948)) about 
a gram of calcium per day is needed by older 
women for maintenance. Because of the im- 
portance of bread in the dietary of a large 
number of older persons with limited income, 
the calcium enrichment of this foodstuff pro- 
vides an important avenue for nutrition im- 
provement. 

There are several factors which tend to 
create malnutrition of the aged. They are 
related to social and economic conditions 
(low incomes, poor cooking facilities), men- 
tal outlook (worry from insecurity, ignor- 
ance of nutritional facts, mental deteriora- 
tion), physical factors (lack of exercise, poor 
teeth), and pathologic conditions (inade- 
quate amount of hydrochloric acid). The 
complex etiology is illustrated in the case of 
anemia of nutritional origin. It may result 
from inadequate income for the purchase 
of eggs and meat; from food habits which 
exclude products rich in iron from the diet; 
or from poor digestion of such foods due 
to inadequate gastric secretion. An effective 
remedial treatment must be based on know]l- 
edge of the specific factors producing mal- 
nutrition. 

In comparison with what we would like 
to know about nutrition throughout life and 
its relation to health and its various facets, 
the available knowledge is meager indeed. 
However, the results obtained so far demon- 
strate that nutrition, including nutrition dur- 
ing the period of growth, affects profoundly 
the processes of aging, terminal diseases, and 
the length of life itself. The nutritionist has 
an important part to play in the team of 
investigators concerned with the biology of 
aging and the attack upon the degenerative 
diseases which now terminate, earlier than 
is biologically necessary, man’s life. 
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VITAMIN B, AND GIZZARD EROSIONS IN CHICKS 


A number of years ago it was suggested 
that a disturbance in nutrition was respon- 
sible for erosion of the gizzard lining of day- 
old chicks, and various investigators at- 
tempted to establish the identity of the 
causative factor. Efforts were somewhat 
dimmed when D. Miller and H. W. Titus 
(Poultry Sci. 21, 203 (1942)) reported an ex- 
tensive investigation in which many sub- 
stances were found to have no influence 
either when added to the diet of the parent 
stock or when injected into the egg during 
incubation. 

In connection with some studies of the 
growth-promoting property of vitamin By 
in high-soybean meal rations, workers at the 
Merck Institute for Therapeutic Research 
observed that this vitamin reduced the inci- 
dence and severity of gizzard lesions (C. W. 
Mushett and W. H. Ott, Poultry Sci. 28, 850 
(1949)). 

Day-old White Leghorn chicks were fed 
a 70 per cent soybean meal ration containing 
all recognized nutrients. In seven experi- 
ments a total of 48 chicks served as controls, 
receiving no vitamin By. supplement, where- 
as 49 chicks received 30 micrograms of ecrys- 
talline vitamin By per kilogram of ration. 
At the end of twenty-one days 92 per cent 
of the control chicks had gizzard erosions as 
compared with an incidence of only 52 per 
cent among the vitamin B,.-supplemented 
chicks. Moreover, a noticeable difference in 
severity of the lesions was noted between 
the two treatments. Thus, the control chicks 
had gizzard erosions scored as small single 
eroded areas to moderate sized eroded areas, 
whereas the vitamin B,y»-supplemented 
chicks were scored as having only a trace or 
very slight lesions. In two additional experi- 
ments in which vitamin By, supplements 
were increased to 40, 80, or 500 micrograms 
per kilogram of diet, no additional benefit, 
or toxic effect, was noted from the higher 
levels of the vitamin. 


Chicks fed the diet unsupplemented with 
vitamin By» also had enlarged livers and 
hearts and small spleens. No differences were 
observed in hemoglobin levels. The chicks 
used in the above experiments were obtained 
from hens which were fed an all-vegetable 
protein ration. 

In another experiment a comparison was 
made between chicks from hens fed the all- 
vegetable protein ration with those from 
hens fed a commercial breeder mash con- 
taining several sources of animal protein. 
It was found that 2.5 micrograms of vitamin 
By per kilogram of ration elicited maximum 
growth and protection against gizzard ero- 
sions in the chicks from the breeder-mash- 
fed stock, whereas 10 micrograms of the 
vitamin were required for protection against 
gizzard erosions, and 30 micrograms for at- 
tainment of maximum growth, in the chicks 
from the all-vegetable-protein-fed stock. 

In view of the high incidence of gizzard 
erosions observed in day-old chicks (95 per 
cent in 20 chicks derived from the all-vege- 
table-protein-fed stock), the authors point 
out that further studies are needed to deter- 
mine the erosion-healing potentialities of vit- 
amin By: if administered over periods longer 
than the twenty-one-day period of these 
studies. 

No data are given concerning the gizzard 
erosion incidence in day-old chicks derived 
from the stock which was fed the commercial 
breeder mash containing animal proteins. 
However, after the twenty-one-day feeding 
period, the lesions were more severe among 
the unsupplemented chicks derived from the 
all-vegetable-protein-fed stock than among 
those derived from the breeder-mash-fed 
stock. This observation would strengthen 
the presumption that rations of the latter 
type result in a transfer of more vitamin By 
to the egg. 
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VITAMIN A IN THE NEPHROTIC SYNDROME 


The nephrotic syndrome is considered, in 
most instances to be a form of chronic glom- 
erulonephritis. The condition occurs most 
commonly in children and is characterized 
by massive albuminuria, severe hypoalbu- 
minemia, and massive edema. Usually the 
blood pressure is not elevated and the ocular 
fundi unchanged. There is no azotemia and 
the kidneys are able to produce a concen- 
trated urine which contains few red cells or 
casts. A characteristic finding is a milky- 
appearing serum due to high concentration 
of fat. Cholesterol, cholesterol esters, and 
vitamin A concentrations are also increased 
in the serum. 

Following up these leads, B. M. Kagan, 
E. M. Thomas, D. A. Jordan, and A. F. 
Abt (J. Clin. Invest. 29, 141 (1950)) have 
reported upon the metabolism of vitamin A 
and its relation to plasma lipid concentration 
in 6 children with the nephrotic syndrome. 
Eighteen normal children acted as controls. 
In one series of studies oleum percomorphum 
was administered by mouth, and in the other 
vitamin A alcohol dispersed with Tween 20 
was administered, both preparations con- 
taining approximately the same amount of 
vitamin A per unit weight or volume. Each 
child was given 6000 U.S.P. units per pound 
of body weight. : 

The fasting serum vitamin A concentra- 
tion in the normal individuals averaged 125 
U.S.P. units per 100 ml. with a standard 
deviation of 32. Similar specimens from all 
of the patients were higher, the lowest being 
153 U.S.P. units per 100 ml. in a patient 
ten months after an acute episode at a time 
when the blood cholesterol and total lipids 
were normal. The highest serum vitamin A 
concentration, 1665 U.S.P. units per 100 ml., 
was in one of the patients with very severe 
disease. In general the more seriously ill 
children had the highest serum vitamin A 
levels. 


Following administration of either of the 
two forms of vitamin A there was a sharp 
rise in plasma concentration in all the pa- 
tients and compared with the normals a very 
much slower fall. The height of the rise and 
the slowness of the fall appeared to be 
roughly proportional to the severity of the 
disease. The differences observed in the 
serum levels between the two forms of vita- 
min A administered do not affect the over-all 
interpretation of the results. There was a 
rough although not quantitative relation be- 
tween the fasting vitamin A concentration 
and the fasting lipid levels. That is, in gen- 
eral, the higher the vitamin A concentration, 
the higher the lipid level. In addition, a rise 
in the total plasma lipids following adminis- 
tration of both preparations of vitamin A 
was observed. The authors suggested this 
may be due to mobilization of some lipid 
upon administration of vitamin A in large 
doses. 

Fasting serum carotene concentrations 
were above normal in all but two instances, 
and seemed to be higher in the more severely 
ill children. There was little, if any, change 
in the serum carotene concentration follow- 
ing administration of vitamin A in either 
the normal children or those with the ne- 
phrotic syndrome. 

The authors suggest that this abnormality 
of vitamin A metabolism in patients with 
the nephrotic syndrome is due to failure of 
the body either to store or utilize the vitamin 
and, more specifically, may be due to failure 
of the liver cells where it is presumed most 
of the storage and metabolism of vitamin A 
occurs in the body. In this regard they refer 
to the work of C. A. Baumann, E. G. Foster, 
and P. R. Moore (J. Biol. Chem. 142, 597 
(1942)) who demonstrated that rats fed a 
very low-protein diet were less able to store 
vitamin A in their livers than were well-fed 
animals. 
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UPTAKE OF RADIOACTIVE CALCIUM BY THE HEN’S EGG 


Egg shell formation is a rapid process and 
the deposition of approximately 2 g. of cal- 
cium into the egg shell occurs in the period 
of sixteen to twenty hours while the egg 
passes through the oviduct. The calcium is 
derived from the circulating blood and the 
extent to which food calcium is involved in 
the process is of considerable interest. 
Workers at the Florida Agricultural Experi- 
ment Station (J. C. Driggers and C. L. 
Comar, Poultry Sci. 28, 420 (1949)) have 
used the tracer technic to study the problem. 

Four 18-month-old White Leghorn laying 
hens were fed a standard laying mash, oyster 
shells, and grits ad libitum. Two of the hens 
received a single dose of 1 mg. of Ca*’, as a 
solution of the chloride, with an activity of 
15 microcuries, given into the lower esoph- 
agus via pipet. The other 2 hens received a 
daily dose of 0.10 mg. of the labeled com- 
pound for eighteen consecutive days and a 
0.25 mg. dose on the twentieth day. Eggs 
produced over the twenty-day period fol- 
lowing initial dosage were analyzed for total 
and radioactive calcium. On the twenty-first 
day, samples of blood and bone (left pubis) 
were also taken for analysis. 

A detectable quantity of Ca*® (0.07 per 
cent of a single dose) was found in the shell 
of the egg laid fifteen minutes after dosage. 
Thirty to 35 per cent of the single dose was 
present in the shells of eggs laid twenty-four 
hours after single dosage. Shell values for 
Ca*® then fell rapidly so that only 3 per cent 
of the administered dose appeared in the 
forty-eight-hour egg. A trace of activity, 
however, Was still present in the shell laid 
nineteen days after single dosage. The high- 
est concentration of Ca*® in the egg white 
(0.10 per cent of a single dose) appeared in 
the egg laid twenty-four hours after dosage, 
whereas maximum uptake of Ca‘ by volk 


(0.17 per cent of a single dose) appeared in 
the egg laid ninety-six hours after dosage. 

When the radioactive calcium was given 
in small daily doses (0.1 mg.) for eighteen 
consecutive days, the uptake of Ca*®> by egg 
shells ranged from 19.4 micrograms on the 
third day to 47.6 micrograms on the six- 
teenth day. The results with the daily-dose 
technic also indicated that, after equilibrium 
was established, the concentration of labeled 
calcium in white, yolk, and shell tended to be 
proportional to the total calcium content of 
these egg parts. 

Considerable quantities of labeled calcium 
were found in the bone. The estimated per- 
centage of the administered Ca*® present in 
the skeleton ranged from 17.8 to 63.7 in the 
4 hens. The estimates were obtained by cal- 
culating the total skeletal content from the 
radioactivity found by analysis of the left 
pubic bone. 

From food consumption records, body 
weights, and skeletal weights the authors 
estimated that from 60 to 75 per cent of the 
calcium in the hen’s egg came directly from 
the feed. This estimate was based on the 
assumption that the dietary calcium was as 
available as the labeled compound. 

No data were given on the quantities of 
labeled calcium excreted. The data obtained 
by the single-dose technic are also presented 
and discussed by C. L. Comar and J. C. 
Driggers (Science 109, 282 (1949)). 

Workers at the University of Saskatche- 
wan (J. W. T. Spinks, M. R. Berlie, and 
J. B. O'Neil, Sctence 110, 332 (1949)) have 
obtained similar results by including Ca*®- 
labeled calcium carbonate in the diet of the 
laying hen. These workers further observed 
that a large portion (50 per cent) of a single 
dose of the labeled calcium was excreted via 
the feces in forty-eight hours. 
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Improvement of Bread with Dried Yeast 


The importance of bread in the national 
dietary has led to repeated attempts to en- 
hance its nutritive value. T. B. Osborne and 
L. B. Mendel (/. Biol. Chem. 37, 557 (1919)) 
early demonstrated that the proteins of 
wheat endosperm do not support growth, 
and it has been shown that bread made from 
low-extraction patent white flour is of less 
nutritive value than bread made from whole 
wheat flour. Such observations have led to 
enrichment of the esthetically more attrac- 
tive white flour with thiamine, riboflavin, 
niacin, and iron. 

H. H. Mitchell, T. 8. Hamilton, and J. B. 
Shields (J. Nutrition 25, 585 (1943)) have 
stated that enrichment of white bread with 
6 per cent nonfat-milk solids results in 
growth of experimental animals superior to 
that obtained with the current plan of en- 
richment with pure vitamins. A study by 
R. D. Seeley, H. F. Ziegler, and R. J. Sum- 
ner (Cereal Chem. 27, 50 (1950)) indicates 
that small additions (1 to 3 per cent) of non- 
viable dried yeast enhances the growth-pro- 
moting value of white bread. Some of the 
breads used contained | to 3 per cent dried, 
nonfat-milk solids, whereas other samples 
contained no milk. Except for water and a 
fat-soluble vitamin supplement, the bread 
was the sole constituent of the experimental 
ration. In a second part of the study, a diet 
containing fat, salts, celluflour, sucrose, and 
bread to provide protein at a 10 per cent 
level, was fed to growing rats and nitrogen 
balances were estimated. From the data ob- 
tained the biologic value of the protein of 
the diet was calculated. 

Growth of the weanling rats was definitely 
enhanced by addition of dried yeast to the 
bread rations; thus in breads without dried- 
milk solids, 3 per cent dried yeast increased 
the gain in body weight 120 per cent over 
that on the nonyeast bread, whereas the 
conventional enrichment showed an increase 
of 31 per cent. When the basal bread was 
made with 3 per cent nonfat-milk solids, in- 
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clusion of 3 per cent dried yeast resulted in 
an increased body weight gain of 95 per cent. 
Although the percentage gain in weight over 
the controls was greater with dried yeast 
than with nonfat-milk solids, the largest ab- 
solute gain in body weight was observed 
when both were added. The biologic value 
of the protein in the bread diets was sur- 
prisingly uniform, varying from 51.7 to 54.1, 
and was uninfluenced by either milk solids 
or the dried yeast. 

Both lysine (H. H. Mitchell and R. J. 
Block, J. Biol. Chem. 163, 599 (1946)) and 
valine (R. F. Light and C. N. Frey, Cereal 
Chem. 20, 645 (1943)) have been reported to 
be in limiting concentrations in white flour, 
but inasmuch as the biologic value of the 
supplemented bread was not augmented in 
the present study, it does not appear that 
amino acid supplementation by the veast 
accounted for the observed improvement in 
the nutritive value of the bread as reflected 
by increase in body weight of young rats. 
The authors conclude that ‘‘B-vitamins” of 
unknown character and the nonspecific 
stimulating effect of the modest protein in- 
crease in the rations due to the dried yeast, 
may account for its observed favorable effect 
on growth. 


Association of Hypoproteinemia with Severe 
Tropical Sprue 


Patients having both tropical and non- 
tropical sprue frequently have low-serum 
protein values. At times the albumin frac- 
tion is markedly reduced. 

G. G. Lopez and associates (Am. J. Med. 
Sci. 218, 660 (1949)) have reported the cases 
of a group of patients with tropical sprue 
whose protein values were very low but yet 
whose hematologic responses were normal 
after administration of folie acid. 

The authors selected 121 cases of tropical 
sprue in which the concentrations of hemo- 
globin and erythrocytes were extremely low 
and the patients had either clinical evidence 
of peripheral edema or a dietary history 
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UPTAKE OF RADIOACTIVE CALCIUM BY THE HEN’S EGG 


Egg shell formation is a rapid process and 
the deposition of approximately 2 g. of cal- 
cium into the egg shell occurs in the period 
of sixteen to twenty hours while the egg 
passes through the oviduct. The calcium is 
derived from the circulating blood and the 
extent to which food calcium is involved in 
the process is of considerable interest. 
Workers at the Florida Agricultural Experi- 
ment Station (J. C. Driggers and C. L. 
Comar, Poultry Sci. 28, 420 (1949)) have 
used the tracer technic to study the problem. 

Four 18-month-old White Leghorn laying 
hens were fed a standard laying mash, oyster 
shells, and grits ad libitum. Two of the hens 
received a single dose of 1 mg. of Ca**, as a 
solution of the chloride, with an activity of 
15 microcuries, given into the lower esoph- 
agus via pipet. The other 2 hens received a 
daily dose of 0.10 mg. of the labeled com- 
pound for eighteen consecutive days and a 
0.25 mg. dose on the twentieth day. Eggs 
produced over the twenty-day period fol- 
lowing initial dosage were analyzed for total 
and radioactive calcium. On the twenty-first 
day, samples of blood and bone (left pubis) 
were also taken for analysis. 

A detectable quantity of Ca*® (0.07 per 
cent of a single dose) was found in the shell 
of the egg laid fifteen minutes after dosage. 
Thirty to 35 per cent of the single dose was 
present in the shells of eggs laid twenty-four 
hours after single dosage. Shell values for 
Ca* then fell rapidly so that only 3 per cent 
of the administered dose appeared in the 
forty-eight-hour egg. A trace of activity, 
however, was still present in the shell laid 
nineteen days after single dosage. The high- 
est concentration of Ca*® in the egg white 
(0.10 per cent of a single dose) appeared in 
the egg laid twenty-four hours after dosage, 
whereas maximum uptake of Ca*® by yolk 


(0.17 per cent of a single dose) appeared in 
the egg laid ninety-six hours after dosage. 

When the radioactive calcium was given 
in small daily doses (0.1 mg.) for eighteen 
consecutive days, the uptake of Ca*® by egg 
shells ranged from 19.4 micrograms on the 
third day to 47.6 micrograms on the six- 
teenth day. The results with the daily-dose 
technic also indicated that, after equilibrium 
was established, the concentration of labeled 
calcium in white, yolk, and shell tended to be 
proportional to the total calcium content of 
these egg parts. 

Considerable quantities of labeled calcium 
were found in the bone. The estimated per- 
centage of the administered Ca*® present in 
the skeleton ranged from 17.8 to 63.7 in the 
4 hens. The estimates were obtained by cal- 
culating the total skeletal content from the 
radioactivity found by analysis of the left 
pubic bone. 

From food consumption records, body 
weights, and skeletal weights the authors 
estimated that from 60 to 75 per cent of the 
calcium in the hen’s egg came directly from 
the feed. This estimate was based on the 
assumption that the dietary calcium was as 
available as the labeled compound. 

No data were given on the quantities of 
labeled calcium excreted. The data obtained 
by the single-dose technic are also presented 
and discussed by C. L. Comar and J. C. 
Driggers (Science 109, 282 (1949)). 

Workers at the University of Saskatche- 
wan (J. W. T. Spinks, M. R. Berlie, and 
J. B. O’Neil, Science 110, 332 (1949)) have 
obtained similar results by including Ca*®- 
labeled calcium carbonate in the diet of the 
laying hen. These workers further observed 
that a large portion (50 per cent) of a single 
dose of the labeled calcium was excreted via 
the feces in forty-eight hours. 


[1950 


Improvement of Bread with Dried Yeast 


The importance of bread in the national 
dietary has led to repeated attempts to en- 
hance its nutritive value. T. B. Osborne and 
L. B. Mendel (J. Biol. Chem. 37, 557 (1919)) 
early demonstrated that the proteins of 
wheat endosperm do not support growth, 
and it has been shown that bread made from 
low-extraction patent white flour is of less 
nutritive value than bread made from whole 
wheat flour. Such observations have led to 
enrichment of the esthetically more attrac- 
tive white flour with thiamine, riboflavin, 
niacin, and iron. 

H. H. Mitchell, T. 8S. Hamilton, and J. B. 
Shields (J. Nutrition 25, 585 (1943)) have 
stated that enrichment of white bread with 
6 per cent nonfat-milk solids results in 
growth of experimental animals superior to 
that obtained with the current plan of en- 
richment with pure vitamins. A study by 
R. D. Seeley, H. F. Ziegler, and R. J. Sum- 
ner (Cereal Chem. 27, 50 (1950)) indicates 
that small additions (1 to 3 per cent) of non- 
viable dried yeast enhances the growth-pro- 
moting value of white bread. Some of the 
breads used contained | to 3 per cent dried, 
nonfat-milk solids, whereas other samples 
contained no milk. Except for water and a 
fat-soluble vitamin supplement, the bread 
was the sole constituent of the experimental 
ration. In a second part of the study, a diet 
containing fat, salts, celluflour, sucrose, and 
bread to provide protein at a 10 per cent 
level, was fed to growing rats and nitrogen 
balances were estimated. From the data ob- 
tained the biologic value of the protein of 
the diet was calculated. 

Growth of the weanling rats was definitely 
enhanced by addition of dried yeast to the 
bread rations; thus in breads without dried- 
milk solids, 3 per cent dried yeast increased 
the gain in body weight 120 per cent over 
that on the nonyeast bread, whereas the 
conventional enrichment showed an increase 
of 31 per cent. When the basal bread was 
made with 3 per cent nonfat-milk solids, in- 
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clusion of 3 per cent dried yeast resulted in 
an increased body weight gain of 95 per cent. 
Although the percentage gain in weight over 
the controls was greater with dried yeast 
than with nonfat-milk solids, the largest ab- 
solute gain in body weight was observed 
when both were added. The biologic value 
of the protein in the bread diets was sur- 
prisingly uniform, varying from 51.7 to 54.1, 
and was uninfluenced by either milk solids 
or the dried yeast. 

Both lysine (H. H. Mitchell and R. J. 
Block, J. Biol. Chem. 163, 599 (1946)) and 
valine (R. F. Light and C. N. Frey, Cereal 
Chem. 20, 645 (1943)) have been reported to 
be in limiting concentrations in white flour, 
but inasmuch as the biologic value of the 
supplemented bread was not augmented in 
the present study, it does not appear that 
amino acid supplementation by the yeast 
accounted for the observed improvement in 
the nutritive value of the bread as reflected 
by increase in body weight of young rats. 
The authors conclude that ‘‘B-vitamins”’ of 
unknown character and the nonspecific 
stimulating effect of the modest protein in- 
crease in the rations due to the dried yeast, 
may account for its observed favorable effect 
on growth. 


Association of Hypoproteinemia with Severe 
Tropical Sprue 


Patients having both tropical and non- 
tropical sprue frequently have low-serum 
protein values. At times the albumin frac- 
tion is markedly reduced. 

G. G. Lopez and associates (Am. J. Med. 
Sci. 218, 660 (1949)) have reported the cases 
of a group of patients with tropical sprue 
whose protein values were very low but yet 
whose hematologic responses were normal 
after administration of folic acid. 

The authors selected 121 cases of tropical 
sprue in which the concentrations of hemo- 
globin and erythrocytes were extremely low 
and the patients had either clinical evidence 
of peripheral edema or a dietary history 
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which suggested a low intake of protein. Of 
these 121 patients, the total plasma protein 
for 80 measured 6.0 g. or less per 100 ml., and 
for 41 the concentration was greater than 
this figure. 

The 41 patients with concentrations of 
plasma protein greater than 6 g. per 100 ml. 
were excluded from further study of protein 
metabolism. Of the 80 patients with concen- 
trations of less than 6 g. per 100 ml., 22 were 
females and 58 were males. Thirty-one had 
total protein values between 3.0 and 4.5 g. 
per 100 ml., 23 had values between 4.6 and 
5.5 g., and 26 between 5.6 and 6.0 g. These 
patients were hospitalized in a special ward 
and from the day of admission throughout 
the course of study their diet was restricted 
to bread, cereals, root vegetables grown in 
Cuba, fruit, sugar, and coffee. After base-line 
studies were made of hematologic values 
and those for protein, the patients were given 
folic acid, usually in doses varying from 10 
to 100 mg. daily by mouth for ten to one- 
hundred and sixty days. 

Illustrative figures were given on the hem- 
atopoietic and clinical response of these 
patients to treatment with folic acid. There 
was a marked increase in concentration of 
hemoglobin and number of erythrocytes with 
the usual number of reticulocytes, despite 
these low-protein values. 

One patient with a total serum protein of 
3.9 g. per 100 ml., albumin 2.2 g., and globu- 
lin 1.7 g., had had severe diarrhea for about 
five years. For eight months prior to admis- 
sion to the hospital the diet had been ex- 
tremely deficient in protein and a month 
prior to admission the patient became so 
weak that he was forced to give up his posi- 
tion as a schoolteacher. The patient was 
given a special supplement of 175 g. of pro- 
tein which he tolerated well. His condition 
improved rapidly and within ten days edema 
was not clinically evident. Administration 
of the protein supplement was continued for 
an additional two weeks. The fifth week after 
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initiation of the supplement the patient was 
able to walk and by this time the concentra- 
tion of plasma protein had increased to a 
total protein of 5.2 g. per 100 ml., albumin 
3.6 g., and globulin 1.6 g. 

Lopez et al. point out that despite low 
concentrations of protein in the blood and 
the presence of clinical edema, the hemato- 
poietic response of each of these patients to 
folic acid was satisfactory. They seemed to 
regenerate erythrocytes and hemoglobin 
even though their intake was devoid of ani- 
mal protein. This observation is not new, 
since it has been known for some time that 
synthesis of hemoglobin has first call on 
body economy. The relation of serum pro- 
tein to disease conditions and to body me- 
tabolism in general is a complicated problem 
that needs clarification (Nutrition Reviews 
8, 33 (1950)). 


Nutrition and Diabetes 


Interest and concern over diabetes with 
regard to its incidence, pathogenesis, loca- 
tion, morbidity, and mortality have in- 
creased rapidly in recent years. This has 
been due in part to nationwide stimulation 
by the U. S. Public Health Service which 
supported the interesting study of the in- 
cidence of diabetes in a New England town 
(H. L. C. Wilkerson and L. P. Krall, J. Am. 
Med. Assn. 135, 209 (1947)). 

A carefully prepared symposium on dia- 
betes mellitus, written by experts in the field, 
has been published (Am. J. Med. 7, 569 
(1949)). The contributors include Russell M. 
Wilder, DeWitt Stetten, Jr., R. E. Haist, 
William M. Balfour, Randall G. Sprague, 
Priscilla White, Joseph H. Barach, and 
George M. Guest. Discussion ranges from a 
fundamental contribution to the understand- 
ing of carbohydrate metabolism to manage- 
ment of clinical diabetes and of diabetic 
coma. On almost every page points of 
interest and importance in their relation to 
nutrition are discussed. 


